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IlpHMeHeHHe CTaTHCTHHecKHX Mexo^oB ^Jia noHCKa 

HOBOH 4)H3HKH Ha BoJIBLUOM AflpOHHOM 

KojiJian^epe 



HSH PAH, MocKBa 

HOB3, IIpOTBHHO 

B HacToameii paSoTe □ flan oGsop CTaTHCTHHecKHX MeTO^OB, Hcnojibsy- 
eMbix npH noHCKe hoboh (Jjhshkh b SKcnepHMeHTax na Bojibluom aflpoHHOM 
KOJiJiaiiflepe. HpHBefleHbi MHoroHHCjieHHbie npiiMepbi, nojiesHbie fljiH cJjhsh- 
KOB, saHHMaiomHXCH o6pa6oTKOH /laHHbix c fleTeKTopoB Bojibmoro aflpoHHO- 
ro Kojijiaiiflepa. 053op npe^HasHaHeH fljiH HayHHbix pa6oTHHKOB - KaK Teope- 
THKOB, TaK H BKcnepHMeHTaTopoB; cnei^HajiHCTOB B o6jiacTH MOflejiHposaHHa 

4)H3HHeCKHX npOLI,eCCOB npH CTOJIKHOBeHHaX HaCTim BBICOKIIX 3HeprHH Ha 

coBpeMeHHbix KOJiJiaH/i;epax; Bcex, kto HHTepecyeTca HSBjieneHiieM cJjHSHHe- 
CKHX peayjibTaTOB h3 SKcnepHJVieHTajibHbix j^auHbix. 



PacniHpeHHbiii tbkct jieKLi,HH, npOTHTaHHbiii C.H. BHTiOKOBbiM CTyflBHTaM MOTH h 
acnHpaHTEM HOBB. 



Co^ep:a<:aHHe 

1 OcHOBHBie nOHHTHH TeOpHH BepOHTHOCTefi 

1.1 Bse/ieHHe. HnTyHTHBHoe noHHTHe BepoHTHOCTH 

1.2 Akchombi KojiMoroposa 

1.3 YcjioEHbie sepoHTHOCTH. TeopeMa Baiieca 

1.4 CjiyHaHHbie BejiHHHHbi. OyHKii,HH pacnpeflejieHHH 

1.5 CBottcTBa 4)yHKu;HH pacnpe/];ejieHiiii 

1.6 XapaKTepHCTHHecKHe 4)yHKLi;HH 

1.7 OcHOBHbie 4)yHKii,HH pacnpe/i,ejieHHH BepoHTHOCTeft 

1.7.1 BHHOMHajibHoe pacnpe/iejieHHe 

1.7.2 Pacnpe^ejieHHe IlyaccoHa 

1.7.3 HopMajiBHoe o/iHOMepHoe pacnpeflejieniie (pacnpe^e- 
jieHHe Faycca) 

1.7.4 MnoroMepHoe HopMajibHoe pacnpe^ejieHHe 

1.7.5 F-pacnpeflejieHHe 

1.7.6 x^-pacnpe/];ejieHHe 

1.7.7 JIorHopMajibHoe pacnpe/],ejieHHe 

1.7.8 PaBHOMepHoe pacnpe/iejieHHe 

1.8 3aK0H 6ojibmHX HHceji. Ll,eHTpajibHaH npeflejibHaa TeopeMa . 

1.8.1 3aKOH SojibniHX hhcbji 

1.8.2 LI,eHTpajibHaH npeflejibnaa Teopeivia 

1.9 HH4)opMau;HH 

2 OcHOBHbie Sa^aHH H MeTO^tl MaTeMaTHHeCKOH CTaTHCTHKH 

2.1 OcHOBHbie Sa^aHH CTaTHCTHKH 

2.2 HacTOTHbiii noffKOfl, 

2.2.1 ^OBepHTejibHbiH HHTepBaji h npeflejibi flOBepHH .... 

2.2.2 ripe/iejibi flOBepHH fljiH napaivieTpa pacnpeflejieHHH Ilyac- 
coHa 

2.3 BaiiecoBCKHH noflxofl 

2.4 MeTOfl MaKCHMajibHoro npaB/],ono^o6HH 



8 

8 
9 

9 

10 
11 
14 
15 
15 
16 



U 
19 
22 
24 
26 
26 
27 
27 
28 
29 



31 
32 
32 



33 

34 
37 



3 OLi,eHKa napaMeTpoB |39 

3.1 OGmaH nocTanoBKa sa/iann 39 

3.2 HopMajibHoe pacnpe/i,ejieHHe 40 

3.3 Oii;eHKa napaMexpa b pacnpeflejieHHii HyaccoHa 45 

3.3.1 HacTOTHbiit no^xo;]; 46 

3.3.2 MeTOfl HaH5ojibmero npaBflono/];o6HH 46 

3.3.3 BaftecoBCKHH MeTO/i; |48 



3.4 Oii;eHKa CHrnajia b pacnpe/];ejieHHH HyaccoHa npii HenyjieBOM 
4)0He 

3.4.1 HacTOTHbiii no^xo/i; 

3.4.2 BaftecoBCKHH noflxo/i; 

3.4.3 Oii;eHKa napaivieTpoB b MeTO/ie HaHMeHbinnx KBaflpaTOB 

3.4.4 HHTepBaji flOBepna b cjiynae hbckojibkhx napaMeTpoB 

3.4.5 AcHMHTOTHHeCKaH HOpMajIbHOCTb OIi;eHKH MaKCHMaJIb- 

Horo npaBflono/];o6HH 

3.5 OjKH^aeMbie npeflejibi 



49 
49 
55 
56 
57 



58 

58 



y^ex CHCTeMaTHHecKHx oiuhGok 

4.1 BBe/ieHHe 

4.2 Oii,eHKa napaMeTpa (Jjona, hcxo^h h3 HSMepeHHH b flpyroft kh- 
HeMaTHHecKoii o6jiacTH [61 

4.3 Oii;eHKa CHCTeiviaTHHecKHX Heonpe/iejieHHOCTeft b MeTOfle MaK- 
CHMajiBHoro npaB;],ono/i,o6Ha 

4.4 MeTo/i; ycpe;i;HeHHa Ky3HHca-XaHjiaH/],a 



IIpoBepKa rnnoTes 

5.1 BBe/];eHne 

5.2 HpoBepKa ochobhoh rnnoTesbi 

5.3 IIpoBepKa cjiojkhoh rnnoTesbi 

5.4 TecT HeitMaHa-riHpcoHa 

5.5 BaiiecoBCKHH no^xo;; k npoBepKe rnnoTea 



KoM6HHHpoBaHHe pesyjitTaTOB 

6.1 KoiviSHHHpoBaHHe flByx HopiviajibHbix pacnpeflejieHiift 

6.2 HopMajibHoe pacnpe/i,ejieHHe. OGmnii cjiynaft 

6.3 MeTOfl HaHMeHbniHX KBa/ipaTOB 

6.4 MeTO/i; MaKCHMajibHoro npaBflonoflo6HH 

6.5 KoM6HHHpoBaHHe npe/],ejioB 

6.6 BaftecoBCKHH HOflxo/; 

6.7 KoM6HHHpoBaHHe ypoBneft snanHMOCTH (KOM6HHHpoBaHHe sna- 

HCKHH BepOHTHOCTH) 

6.8 "Look elsewhere" scJjcJjeKT 

6.9 TecT KojiMoropoBa-CMHpHOBa 



62 
63 



68 
69 

72 
74 
75 



78 
79 
80 

81 
83 

84 



86 

87 



7 CTaTHCTHHecKoe nporpaMMHoe oSecneneHHe b sa^anax 4>h- 

3HKH BblCOKHX SHeprHH |90 

7.1 0630p OCHOBHblX naKCTOB [i 



7.2 IlpoeKT RooStats 91 

7.3 npoeKT BAT m 



BBG^GHHe 

/],aHHbiH oGsop onHCbiBaeT ocHOBHbie cTaTHCTHHecKHe MeTOflbi, Hcnojibsyio- 
miiecH npH o6pa6oTKe peayjibTaTOB sKcnepHMeHTOB CMS |T] h ATLAS [2J 
B Hccjie^oBaHHHx Ha BojibmoM AflpoHHOM Kojijiaiiflepe [3] (BAK). 9tii mb- 
TOflbi peajiHsyioTCH b naKeie nporpaiviM RooStats [3], cos/iaHHbix cJjHSHKa- 
MH, ynacTByiomHMH b SKcnepHMeHTax CMS h ATLAS. HaKeT nporpaMM 
RooStats 6a3HpyeTCH na CHCTeivie ROOT [5J, paspaSoTaHHoii b LI,EPHe (Eb- 
poneitcKOM ii;eHTpe sij^epabix HccjieflOBaHHit) . OcHOBHoe OTjiiiHiie flaHHoro 
o63opa OT MHoroHHCJieHHbix oGsopoB H MOHorpa4)HH no npHMeneHiiro CTaTH- 
CTHHecKHX MBTOflOB B 3KcnepHMeHTajibHOH 4)H3HKe H flpyriix eCTeCTBeHHOHa- 

yHHblX o6jiaCTHX [HI [71 El El ED] 3T0 to, HTO B o630pe npHBOflHTCH MHOrOHHC- 
JieHHbie npHMepbl, OpHeHTHpOBaHHbie HCKJIIOHHTejIbHO flJIH HyjKfl 4)H3HKOB, 

3aHHMaioii];Hxca o6pa6oTKOH ^annbix c fleTCKTopoB Bojibinoro AflpoHHoro 
KojiJiaiiflepa. B o53ope hohth OTcyxcTByioT flOKa3aTejibCTBa KaKHX jih6o 

a6cTpaKTHbIX TeopeM CTaTHCTHKH. B KaKOM-TO CMblCJie MOJKHO CKasaTb, HTO 

3TO "Kypc MOJio/ioro 6oHii;a", JKajK^ymero naiiTH npoaBjienna hoboh 4)H3h- 
KH |11| H3 3KcnepHMeHTajibHbix /],aHHbix CMS H ATLAS fleTeKTopoB. 

/Jjia HTeHHa 3Toro oGsopa Heo5xoflHMO 3HaTb jirniib ochobbi Bbicmeit Ma- 
TeMaTHKH (npoH3BOflHaH, HHTerpaji) b MHHHMajibHOM o6i.eMe. OcHOBHbie no- 
HSTHH TeopHH BeposTHOCTH KpaTKO npHBefleHbi B o63ope (FjiaBa 1). TaKJKe 
He Tpe6yeTC5i KaKHx-jinGo oco6o rjiy6oKHx 3HaHHH KaK b TeopeTHHecKott, Tax 

H B 3KCnepHMeHTajIbHOH 4)H3HKe. 

Co/],epjKaHHe CTaTbH cjie/],yioiii,ee. B nepBoii rjiaBe npHBCfleHbi ocHOBHbie 
noHHTHH TeopHH BepoHTHOCTeft. BTopas rjiaBa na KOHKpeTHbix npniviepax 
(orpaHHHeHHa cHH3y h cBepxy na napaMeip) o6cy}K/];aeT ocHOBHbie uop^opfii, 
Hcnojib3yeMbie b CTaTHCTHKe, a HMenno, nacTOTHbift h BaftecoBCKHii no^xoflbi 
H MBTOfl MaKCHMajibHoro npaB/i,ono/],o6HH. TpeTbH rjiaba onncbiBaeT MeTO/i,bi, 
KOTopbie no3BOjiHioT H3BjieHb HHcJiopMai^HK) o napaMBTpax CHrnajia h3 SKcne- 
pHMeHTajibHbix ;];aHHbix. B KanecTBe cTaTHCTHK HcnojibsyroTCH cTaTHCTHKH, 
nojiynenHbie h3 HopMajibHoro pacnpeflejieHiia h pacnpeflejieHiia HyaccoHa. 
B HeTBepToit rjiaBe npHBe/],eHbi MeTOflbi, no3BOJiHK)mHe ynecTb CHCTeMaTHHe- 

CKHe ScJjcJieKTbl, CBaSaHHbie C HeTOHHbIM 3HaHHeM (JiOHOB H CHrHajIOB. B nH- 

TOH rjiaBe o6cy>K/],aioTCH npo6jieMbi npoBepKH rHnoTe3. B nameM cjiynae oc- 
HOBHott rnnoTesoH HBjiHeTCH rnnoTesa o tom, hto cnpaBefljiHBa CxaH/iapTHaH 
Mofl^ejih, a ajibTepnaTHBHOH rHnoTe30H HBjiaeTCH rHnoTe3a o cymecTBOBaHHH 

HOBOH 4)H3HKH BHC paMOK CTaH;],apTHOH MoflejIH, HOHCK KOTOpOH HBJIHeTCH 

rjiaBHOH 3aflaHeH SKcnepHMeHTOB na BojibmoM AflpoHHOM Kojijiaiiflepe. B 
raecTott rjiabe o6cy»c/];aioTCH MeTO/ibi, npHMeHHeivibie j^jisi KOM6HHHpoBaHHa 
pasjiHHHbix 3KCHepHMeHTajibHbix /];aHHbix, B TOM HHCJie, fljiH kom6hhhpo- 



BaHHa /],aHHbix pasHbix SKcnepHMeHTOB, HanpHMep, SKcnepHMeHTOB CMS h 
ATLAS. B ce/],bMOH rjiane onncaHbi ocHOBHbie bo3mojkhocth nporpaMMbi 06- 
paSoTKH 3KcnepHMeHTajibHbix flaHHbix na 6a3e naKeTa nporpaMM RooStats, 
KOTopbiii B HacTOHmee BpeMH HBjiaeTCH ochobkbim nporpaMMHBiM npo/],yK- 
TOM, o4)Hn,HajibHo peKOMeH/i,oBaHHbiM KOJiJia6opai;iiHMH CMS h ATLAS fl^jisi 
o6pa6oTKH /],aHHbix. 



1 OcHOBHbie noHaxna xeopHH BepoaTHOCTeii 
1.1 BBe/],eHHe. HnTyHTHBHoe nonaTHe BepoaTHOCxH 

TeopHH BepOHTHOCTH HO CyTH flfijia BOSHHKJia H3 Iirpbl B 6pOCaHHe MOHeTbl. 

EcjiH Mbi npoHSBOJiBHO 6pocaeM MoneTy N pa3, to b A'^i cjiynaax Bbina/];eT 
"opeji", a B N2 cjiynaHX Bbina/i,eT "peniKa". OHeBH^HO, hto b jih36om cjiy- 
Hae Bbina/],eT jih6o "opeji", jih6o "peniKa", to ecTb cnpaBefljiHBO paBencTBO 
iV = iVi + N2. B cjiynae 6ojibmoro HHCjia 6pocaHHii MOHeTbi (HcnbiTaHHft) 

Ni 
BepoHTHOCTb Bbina/i,eHHH "opjia" onpe/],ejiHeTCH KaK Pi=P("opeji") = — - u 

N2 
"peniKH" KaK P2=-P("peniKa") = — . 3/i,ecb hghbho npeflnojiaraeTCH, hto 

npe/],eji npn N ^ 00, KOTopbiii no cyTH /],ejia h HBjiHeTCH onpe/i,ejieHHeM 
BepoHTHOCTH, cymecTByeT. OHeBH/],Hbi cjie/i,yK>mHe CBoiicTBa BepoHTHOCTH: 

Pi > 0, 

P2 > 0, 

P1+P2 = 1. (1) 

HocKOjibKy CTopoHbi "opeji" h "peuiKa" npaKTHHecKH ne OTjinnaiOTCH 
flpyr OT flpyra, TaK JKe nacTO npe^nojiaraeTCH (xoth 3to h ne oGasaTejib- 

Ho), HTO P("opeji") = PC'peiuKa") = -. 

B KanecTBe 6ojiee o6mero cjiynaa mm mojkgm npe^cTaBHTb, hto b Hiii,HKe 
Haxo/];HTca n mapoB, na KOTopbix HapncoBaHbi ii,n4)pbi 1,2, ... ,n. Ecjih mm 
N ^ n pas BMTacKHBaeM op^au sa /];pyrHM mapbi hs HmHKa (c BOSBpamenneM 
mapa cpasy JKe oSpaTHO b hiii,hk), to BepoHTHOCTb BbinyTb map c HOMepoM 

fir, 

k {1 < k < n) onpeflejiHOTca KaK Pk{N) = — (r^e rifc-KOJinnecTBO pas, ko- 

rfla MM BbinyjiH map c HOMepoM A;). Hpe/inojiaraeTca, hto npe/i,eji iV — )■ 00 
/],jiH Bcex Pfc(iV) cym,ecTByeT. 3to h octb onpe^ejieHiie BepoHTHOCTH BbiTa- 
m,HTb map k hs Hm,HKa. 

OHeBH/],Hbi cjie/i,yK>mHe cBoiicTBa BepoaTHocTeii Pk- 



n 

E 

k=l 



Pk > 0, 

Pk = 1. (2) 



HeTpyflHO o6o5m,HTb BMmenpHBe/],eHHbie npHMepbi h flaTb HHTyHTHBHbie 
onpeflejieHHH BepoHTHOCTH na cjiynait HHceji n = l,2,...,ooHHa cjiynaii sa- 

BHCHMOCTH BOpOHTHOCTH (TOHHee HJIOTHOCTH BepOilTHOCTH) OT HenpepMBHOrO 



napaMBTpa. HnTyHTHBHoe noHHTHe BepoaTHOCTH mojkho cJaopMajiHSOBaTb na 
aKCHOMaTHHecKOM ypoBHe, HTO 6y/],eT noKasano b cjieflyiomeM naparpacjje. 

1.2 AkchomijI KojiMoropoBa 

nOHSTHe BepOHTHOCTH Ha aKCHOMaTHHeCKOM ypOBHe MOJKHO BBeCTH cjieffyio- 

miiM o6pa30M. riycTb y nac HMeeTCH neKOTopoe MHOJKecTBO il.. BepoHTHOCTb 
3T0 P-Beiii,ecTBeHHaH 4)yHKii;HH, onpe^ejieHHaa na Kjiacce Bcex no/iMHOJKecTB 
0. ^JiH KajKfloro noflMHOJKecTBa A,B,... MHOJKecTBa Q (^yHKU^nsi P{A) yflfl- 
BjieTBopaeT cjie/];yiomHM aKCHOMaM (aKCHOMbi KojiMoropoBa [12]): 

• P{A) > 0. 

• JXjisi HenepeceKaiomHXCH MHO»cecTB (i.e. Af]B = 0), 
P{A[jB) = P{A) + P{B). 

• P{n) = 1. 

MHOJKecTBO Q HasbiBaeTca npocTpancTBOM sjieMeHTapHbix coGbithh. Hoji- 
MHOJKecTBa A,B, . . . MHOJKecTBa Q nasbiBaioTca coGmthhmh. 

1.3 ycjiOBHfaie BepoaTHOCTH. TeopeMa Bafieca 

YcjioBHaH BepoHTHOCTb P{A\B) HacTynjieHHa co6biTHa A npn ycjioBHH Bbi- 
nojiHeHHH co6biTHH B onpe/i,ejiHeTCH KaK 

P(.|B, . ™). ,3, 

Hs cooTHomeHHa ([3]) h h3 Toro cJ^aKTa, hto Af]B = Bf]A, BbiTexaeT 
TeopeMa Baiieca [13] 

P(^iB).™:<^. (4) 

TaKJKe cnpaBefljiHBO oneBH^Hoe paBencTBO 

P{B) = Y,P{B\A,)P{A,) (5) 

i 

npH ycjioBHH, HTO M Aj = ri. 

i 

C yneTOM paBencTBa ([5]) TeopeMa Batteca Q MOJKeT 6biTb ccJ^opMyjinpo- 
Bana KaK 



, ., , P(B\A)P(A) 

P{AB) = ^ ^ ' ^ ^ ^ , 6 

Y,PiB\A,)P{Aiy 



rfle [jAi = il.. 



TeopeMa Baiieca HBjiaeTca KjnoHeBoit npn cJ^opMyjinpoBanHH CTaTHCTHKH 
B BaiiecoBCKOM no^xo;];e, r;i,e ona sanncbiBaeTCH b BH/i,e 

P {theory \data) ~ P{data\theory)P (theory), (7) 

rjie "theory" npeflCTaBjiaeT co6oh neKOTopyio rnnoTesy, a "data" npe^cTaB- 
jiHeT C060H pesyjiBTaT SKcnepHMeHTa. P{theory) HBjiaeTCH anpHopnoH Bepo- 
aTHOCTbK) fljiH TeopHH, OTpajKaiomyio anpHopnyio CTenenb /i,OBepHH k hbh. 
OyHKii;HH P{data\theory) HBjiaeTca BepoHTHOCTbio nojiyneHHa /i,aHHbix npn 
sa/iaHHOH TeopeTHHecKoii Mojxejivi "theory" h nasbiBaeTCH cJ^yHKi^Heit MaKCH- 
MajibHoro npaB/];ono/];o6HH. 

Co6bITH}I A H B HaSblBaiOTCH nesaBHCHMblMH, eCJIH BepOHTHOCTb HX Oflr 

HOBpeMeHHoro ocyii];ecTBjieHHH paBHa npoH3Be;],eHHio BepoHTHocTeft KajK/i,oro 

H3 HHX, TO eCTb 

P{Af]B) = P{A)P{B). (8) 

BcnoMHHaa onpe/iejienne ^ ycjioBHOii BepoHTHOCTH, nojiynaeM, hto fljia 
HeaaBHCHMbix coGmthh A a B 



P{A\B) = P{A), 

P{B\A) = P{B). (9) 

1.4 CjiyHaHHfaie BejiH^HHt.:. OyHKi^HH pacnpe/],ejieHH5i 

CjiyHaitHoit BejiHHHHOii nasbiBaeTCH 4)yHKLi,HH, onpeflejieHHaa na MHOJKecTBe 
3jieMeHTapHbix (coGmthh) hcxo^ob. CjiynaHHaH BejiHHHHa KaK 4)yHKu;Hii 3jie- 
MBHTapHoro Hcxofla uj € Q o6biHHO o6o3HaHaeTCH KaK x{uj). OSbiHHO apry- 
MBHT CO flJIH KpaTKOCTH onycKaeTCH. 

B cjiynae /^HcxpeTHoii BejiHHHHbi xi,X2, ■ ■ ■ 4)yHKLi,HH P{X = x^) ecTb 

BepoaTHOCTb Co6bITHH X{uj) = Xk- 

B cjiynae HenepeceKKimnxcH co5biTHH x^ {xk{~\xi = 0, k ^ I), axcHOMbi 
KojiMoropoBa cbo^htch k pfiyu ycjioBHHM: 
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P(.Xk) > 0, 
^P(xfe) = 1. (10) 

k 

JXna HenpepbiBHbix cjiyHaiiHbix BejiHHHH, Kor/],a MHO»cecTBO Bcex bos- 
MOJKHbix SHaneHHii cjiynaiiHbix BejiHHHH sanojinaroT nenpepbiBHoe hjih koh- 
THHyajibHoe MHOJKecTBO (nanpHMep, OTpesoK na npHMoft, nacTb hjiockocth 
HJIH npocTpancTBa) BBO/i,aT HOHHTHe pacHpeflejieHHe BepoHTHOCTH. 

IlycTb cjiynaHHaH BejiHHHHa x 3a/],aHa npn a < x < b. HjioTHOCTb Bepo- 

HTHOCTH f{x) 3T0 HeOTpHLI,aTejIbHaH 4)yHKII,HH OT X, TaKaH, HTO BepOHTHOCTb 

/•X2 

HacTynjieHHH co6biTHa c xi < x < a;2 pasna / f{x)dx = P{xi < x < X2)- 

J xi 

rb 

HMeeT MecTO TpHBHajibHoe ycjioBHe nopMiipoBKH / f{x)dx = 1. 

J a 

06o6iii,eHHe na cjiynaft MHoroMepHbix cjiynaHKbix BejiHHHH (xi, X2, • • • , x„' 

OHeBHflHO. 

ripH HSMeneHHH nepeMennbix y = h{x) b CHjiy paBencTBa 

9{y)dy = f{x)dx (11) 

nojiynaeM 

KyMyjiHTHBHoii cJ^yHKi^Heii pacnpeflejieniiH F{y) aBjiaeTCH BepoHTHOCTb 
Toro, HTO P{x < y) = F{y). KyiviyjiHTHBHaH 4)yHKLi,HH BbipajKaeTca nepes 

HHTerpajI OT njIOTHOCTH BepOHTHOCTH 

F{y)= r f{x)dx. (13) 



SaMBTHM, HTO oSbiHHO 4)yHKii,HH /(x) onpe/],ejiHeTca npH — oo < x < oo, 
TO ecTb b = oo, a = — oo. 

1.5 CBoiicTBa cJ)yHKLi,HH pacnpeflejieHHH 

HycTb X 3TO flHCKpeTHaa cjiynaHHaH BejiHHHHa, npHHHMaioiii,aH SHaHeHHH 

Xl, X2, • • • C BepOHTHOCTHMH COOTBeTCTBeHHO pi,P2, ■ ■ ■■ MaTeMaTHHeCKHM OJKH- 

flEHHeM flHCKpeTHoii cjiyHaiiHoii BejiHHHHbi naabiBaeTca hhcjio 

E{X) = Xipi + X2P2 + • • • • (14) 
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^jia HenpepbiBHOH cjiynaHHOH BejiHHHHti X o6o6n],eHHe (fn|) HMeeT bh/i; 

("OO 

E{X) = / xf{x)dx. (15) 



Ho/iHepKHeM, HTO /iJiH MefljieHHO y6biBaiomHX (J)yHKLi;HH |f| HHTerpaji (|15|) 
MOJKeT He cymecTBOBaTb. 

OflHHM H3 BaJKHblX CBOHCTB CJiyHaHHOH BejIHHHHbl HBJIHeTCH JIHHeHHOCTb: 

ecjiH a H 6 flBa HHCjia, a. X nY pfie cjiynattHbie BejiHHHHbi, to 

E{aX + bY) = aE{X) + bE{Y). (16) 

Cbohctbo (J16p HenocpeflCTBeHHO BbiTexaeT h3 onpeflejieHHH (|14ll5p Ma- 
TeMaTHHecKHX ojKHflaHHii fljiH /];HCKpeTHOH H HenpepbiBHOH cjiynaHHbix Be- 

JIHHHH. 

BajKHOH xapaKTepHCTHKOH pa36poca cjiynaftHbix BejiHHHH aBjiaeTca ;i,hc- 
HepcHH, KOTopaa OHpeflejiaeTca KaKG 

D{X) = E{X - E{X)f. (17) 

HnbiMH cjioBaMH, flHCHepcHRD MOJKHO OHpeflejiHTb KaK cpeflHee BHaneHHe 
KBaflpaTa OTRjionenna cjiyHaitHOH BejiHHHHbi ot CBoero MaTeMaTHHecKoro 
o>KH;],aHHa. OopMyjia (J17p SKBHBajieHTHa 4)opMyjie 



D{X) = E{X^) - {E{X)f. (18) 

CHpaBeflJiHBO cjie/iyioH^ee cbohctbo /iHcnepcHH: 

D{cX) = c^D{X), (19) 

Tj\e c - HeKOTopoe nocToannoe hhcjio (xoHCTaHTa). 

HacTO HcnojibsyiOT nonaTHe cpe/i,HeKBaflpaTHHHoro OTKjioneHHa, onpe- 
flejiaeMoro KaK KBa^paTHbiii Kopenb h3 /iHcnepcHH 



a = ^D{X). (20) 

^jia MaTeMaTHHecKoro ojKH^aHHa E(X) cnpaBe/iJiHBO nepaBencTBO Map- 

KOBa 

1 1 

THnHHHbiii npHMep - pacnpeflejreHHe KoniH c f(x) — -. 

TT 1 + 2: 

B cjiy^iae MefljieHHO y5MBaioiii,Hx 45yHKLi,HH, HanpHMep, fix) ~ ; — —, flHcnepcna 

1 + \x\'^ 

He cymecTByeT, TOMHee flHcnepcHH paBHa 5ecKOHeHHOCTH. 
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P{X>x)<^^. (21) 

X 

^jia flHcnepcHH D{X) cnpasefljiHBO HepaBencTBO He6bimeBa 

P{\X-EiX)\>x)<^. (22) 

HepaBeHCTBa (j21|22p cjie^yioT h3 onpe^ejieHHH E{X), D{X) h CBoiicTBa 
HeoTpHLi,aTejibHOCTH njioTHOCTH pacnpeflejieHHH BepoHTHOCTeii /(x). 

HanoMHHM, HTO flBa co6biTHa A a B HBjiJiroTca neaaBHCHMbiMH, ecjiH 
P{Af\ B) = P{A) ■ P{B). 3to noHHTHe nesaBHCHMOCTH flByx coGbithh mojk- 
Ho pacnpocTpaHHTb h na cjiyHaftHbie BejiHHHHbi. 

Onpe/];ejieHHe: CjiyHaiiHbie BejiHHHHbi X vi Y nasbiBaioTCH neaaBHCH- 
MbiMH, ecjiH npH jiio6bix X M y nesaBHCHMbi co6biTHH {oj : ^(i^) < a;} h 
{uj : Y{uj) < y}. 

MojKHo noKasaTb, hto ecjiH cjiynaftHbie BejiHHHHbi HeaaBHCHMbi, to 

E{XY) = E{X)E{Y). (23) 

Ha H3biKe njioTHOCTeit BepoHTHOCTeii neaaBHCHMOCTb coGmthh X m Y 
osHanaeT, hto njioTHOCTb BepoHTHOCTH f{x,y) cJ^aKTopHsyeTca: 

f{x,y) = hix)f2iy). (24) 

Cbohctbo (j24p MOJKHO paccMaTpHBaTb KaK onpeflejieHHe flByx nesaBHCH- 
Mbix cjiyHaiiHbix BejiHHHH. 06o6n];eHHe na cjiynait n nesaBHCHMbix BejiHHHH 

Xl,X2, ■ ■ ■ ,Xn OHeBHflHO, a HMeHHO, njIOTHOCTb BepoaTHOCTH f{xi,X2, . . . , X„) 

flOJiJKHa 6biTb npeflCTaBjiena b bh/jis 

n 
fixi,X2,---,Xn) = Y[ fk{xk). (25) 

fc=l 

CTeneHb saBHCHMOCTH cjiynaftHbix BejiHHHH xapaKTepiisyeTCH noHHTHeM 
KOBapHaii,HH cjiynattHbix BejiHHHH X nY. KoBapnai^Ha onpe/i,ejiHeTCH KaK 

cov{X, Y) = E[{X - E{X)){Y - E{Y))]. (26) 

Onpe/i,ejieHHe ()26p mojkho nepenncaTb b BH^e 

cov{X, Y) = EiXY) - E{X)E{Y). (27) 
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EcjiH cov{X,Y) = 0, TO roBopsT, HTO cjiyHaiiHbie BejiHHHHbi X aY hb- 

JI5IK)TCH HeKOppejIHpOBaHHblMH. JlePKO BUflfiTb, HTO fljia HesaBHCHMBIX cjiy- 

HaiiHbix BejiHHHH X a Y cov{X,Y) = 0. OflnaKO o6paTHoe yTBep»c/i,eHHe 
HeBepHO. 

^jiH flHcnepcHH OT cyMMbi flfiyx cjiynaftHbix BejiHHHH cnpaBe/i,jiHBa 4)op- 

Myjia 

D{X + Y) = D{X) + D{Y) + 2cov{X,Y). (28) 

OTCKifla cjie/],yeT, hto /i,jih nesaBHCHMbix BejiHHHH /],HcnepcHii cyMMbi paBHa 
cyMMe flHcnepcHH. 

HacTO HcnojibsyioT K034)4)HLi;HeHT KoppejiHLi,HH p{x, y) flByx cjiynanHbix 
BejiHHHH X H y, onpeflejiHeMbiii KaK 

cot;(X,y) 
MojKHO noKasaTb, hto 

|p(x,y)|<i. (30) 

Bojiee Toro, ecjiH |/9(X, y)| = 1, to cjiynanHbie BejiHHHHbi X ^Y CBHsaHbi 
jiHHeiiHoii saBHCHMocTbio, TO ecTb cymecTByioT nncjia a h 6 TaKHe, hto 

P{Y = aX + h) = l. (31) 

ripH 3T0M ecjiH p{X,Y) = 1, TO a > 0, H, ecjiH p{X,Y) = —1, to a < 0. 
MoJKHO CKaaaTb, hto BejiHHHHa KoscjacljimHeHTa KoppejiHi^HH xapaKTepnsyeT 

CTeneHb JIHHeHHOii SaBHCHMOCTH. 

1.6 XapaKTepHCTHHecKHe tJ)yHKu,HH 

^jiH cjiynaiiHOH nepeMeHHoii X c njioTHOCTbro BepoHTHOCTH f{x) xapaKTe- 
pHCTHHecKaH 4)yHKi];Ha onpe^ejiHeTCH KaK 

/oo 
e''-f{x)dx. (32) 

-oo 

JlflU flHCKpeTHOH CJiyHailHOH BejIHHHHbl X C KOHeHHbIM HHCJIOM SHaHeHHH 

k 
XapaKTepHCTHHecKaH 4)yHKii;Ha $x [t) nojiHOCTbio onpe/iejiaeT njioTHOCTb 

BepOHTHOCTH CJiyHaHHOH BejIHHHHbl, a IIMeHHO, 
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1 /-oo 

fix) = — / ^x{t)e-''''dt. (34) 

^jiH 4)yHKn,HH ^xit) cnpase/iJiHBbi cooTHomeHHa 

^x(O) = 1, (35) 

\^x{t)\ < 1, (36) 

^ax+b{t) = e'^'^xiat). (37) 

SfleCE. O H 6 - KOHCTaHTbl. 

EcjiH X II Y HesaBHCHMbie cjiynaitHbie nepeMeHHbie c xapaKTepncTHHe- 

CKHMH 4)yHKII,HaMH ^x{t) H $y(t), TO CnpaBe/lJIHBO paBeHCTBO 

<l>x+Y{t) = <^x{t)-<l>Yit). (38) 



06o6n];eHHe paBencTBa (j38p na cjiynaii A^ nesaBHCHMbix nepeMeHHbix 
HMeeT Buji 

N 

^x,+...+Xr,it) = l[<^xM- (39) 

1.7 OcHOBHfaie 4)yHKii,HH pacnpe^ejieHHa BepoaTHOCTeii 

B 3TOM pa3/],ejie mm npHBO/iHM ocHOBHbie 4)yHKii;HH pacnpeflejieHiiH BepoaT- 
HOCTeii, HanGojiee nacTO Hcnojibsyeivibie b cJ^HSHKe bmcokhx sneprHH. 

1.7.1 BHHOMHajiBHoe pacnpeflejieHHe 

^jiH 6HHOMHajibHoro pacnpeflejieHHH BepoHTHOCTb nacTynjieHHH r co6biTHH 
npH A^ HcnbiTaHHiix (r - ii,ejioe HeoTpHLi,aTejibHoe hhcjio, 1 < r < N) paBHa 

rfle < p < 1 ojKHflaeiviaH BepoHTHOCTb noHBjieHHH coGmthh b o/];hom Hcnbi- 
TaHHH. Cpe/iHee snaneHHe npn 3tom paBHO 

E{r) = Np, (41) 

a flHcnepcHH paBHa 
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D{r) = Np{l-p). (42) 

BiiHOMHajibHoe pacnpeflejieHHe npeflCTasjiHeT pemeHHe cjiepjiouiea sa- 
flaHH. IlycTb HMeeTCH o6maH (hjih KaK eu\e roBopHT reHepajibHaa) coBOKyn- 
HOCTb, cocToamaH H3 M HeKOTopbix oGteKTOB (nanpHMep, sto MoryT 6biTb 
coGbiTHH B BKcnepHMeHTajibHoii ycTanoBKe) , h3 KOTopbix R = pM oGi-eKTOB 
o6jia/];aioT neKOTopbiM npHsnaKOM C, a ocTajibHbie M — R = (1 — p)M He 
o6jia/];aK)T hm, TaK hto pM +{\ —p)M = M. IlycTb h3 9toh oGmett coBOKyn- 
HOCTH c/i,ejiaHa Bbi6opKa nyTeM neaaBHCHMoro cjiynaHHoro Bbi6opa o^Horo aa 
flpyrHM N oGi^eKTOB TaKHM o6pa30M, HTo6bi ne HapyuiHjiocb cooTHomeHHe 
MeJKfly oGi-eKTaMH c npHsnaKOM C ii 5e3 npnanaKa C 3to bobmojkho b flByx 
cjiynaax: jin6o o6maa coBOKynnocTb 6ecKOHeHHa, jih6o Bbi6paHHbie oGiieKTbi 
B03Bpaiii,aioTCH B o6myio coBOKynnocTb nepe^ KaJK^biM hobbim Bbi6opoM. B 
TaKOM cjiynae BepoHTHOCTb Toro, hto h3 o6mero HHCjia A^ o5'beKTOB Bbi6op- 
KH r oG-beKTOB Sy/iyT o6jia/],aTb npH3HaKOM C 6yfleT onpe/i,ejiHTbCH (Jjopiviy- 
Jioft (HOl) . 

Bbi6op o5'beKTOB c npH3HaKOM C hjih 6e3 npH3HaKa C h3 o6meH cobo- 
KyHHOCTH Ha3biBaioT HcnbiTaHHHMH BepHyjijiH. ripH 3TOM Bbi6op oGteKTa c 
npH3HaKOM C Ha3biBaioT co6biTHeM HJIH ycnexoM. 

Ha Phc. [U HOKasaHbi pacnpeflejieHHa BepoHTHocTeii fljia 5HHOMHajibHO- 
ro pacnpe/iejieHHa b cjiynae A'^ = 40 HCHbiTaHHH c pa3HbiMH 3HaHeHHHMH 
napaMBTpa p: cjieBa p = 0.4, cnpaBa p = 0.8. 

1.7.2 PacnpeflejieHHe HyaccoHa 

J\jiii pacnpe/i,ejieHHH IlyaccoHa 4)yHKH,HH pacnpe/iejieHHH BepoHTHOCTeit hmb- 

eT BH/l, 

P{r\l^) = ^, (43) 

rfle r n;ejioe HeoTpHii,aTejibHoe hhcjio, a napaMeTp /i > - ^eiicTBHTejibHoe 
HHCjio. Cpe/i,Hee 3HaHeHHe h /iHcnepcHJi paBHbi 

E{r) = fi, (44) 



D{r) = n. (45) 

PacHpe^ejieHHe HyaccoHa mojkho pacciviaTpHBaTb KaK npeflejibHbiii cjiy- 
Haii 6HHOMHaj[bHoro pacnpe/];ejieHHa npn BbinojineHHH cjieflyiomero ycjio- 

BHH. riyCTb He3aBHCHMbie HCHbiTaHHH HpOH3BO/];5ITCH CepHHMH /IJIHHbl U (n-H 
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Phc. 1: PacnpeflejieHHH BepoHTHOCTeii ^jih GHHOMHajibHoro pacnpeflejieHHa 
B cjiynae A'^ = 40 iicnbiTaHHH c pasHbiMH snaHeHHHMH napaivieTpa p: cjiena 
p = 0.4, cnpaea p = 0.8. 



cepua, cjieflOBaTejibHO, coctoht h3 n nesaBHCHMbix HcnbiTaHHHJ, a BepoHT- 
HOCTb p^'^' HeKOTOporO C06bITHH flJIH BCeX HCnblTaHHH n-ft cepHH o/i,Ha H Ta 
jKe, HO c yBejiHHeHHeM n CTpeMHTca k nyjiio TaK, hto npoHSBe^eHHe np' 
coxpanaeT nocTosHHoe sHaneHHe //: 



(n) 



lirrin^oonp^'^^ = /i, 



(46) 



npHHeM OHeBH;];HO, hto fi > 0. Upn stom ycjiOBHH b npe^ejie n — )• 00 BepoaT- 
HOCTb P{r\^) Toro, hto paccMaTpHBaeMoe co6biTHe b 6ecKOHeHHO fljiHHHoii 
cepHH HcnbiTaHHH noHBHTCH poBHO r pas onHCbiBaeTCH 4)opMyjioH (|43|) . 

Ha Phc. [2]noKa3aHbi pacnpe/;ejieHHH BepoHTHOCTeft fljiH pacnpeflejieHHH 
IlyaccoHa c pasHbiMH snaHeHHaMH napaivieTpoB: cjieBa /_i = 10, cnpaBa fi = 
20. 

1.7.3 HopMajiBHoe o^HOMepHoe pacnpe/i,ejieHHe (pacnpe^ejieHHe 
Faycca) 

IlycTb flana cjiynaiiHaa BejiHHHHa X, no/iHHHHiomaHCH HopiviajibHOMy pac- 
npe^ejieHHio c napaMCTpaMH fi n a. HapaMeTpbi sbjihiotch /leiicTBHTejibHbi- 
MH HHCjiaMH: —00 <//<oohO<(T< 00. 
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Phc. 2: PacnpeflejieHHH BepoHTHOCTeii ^jih pacnpeflejieHHH HyaccoHa c pas- 
HbiMH SHaHeHHHMH napaMBTpoB: cjiesa fi = 10, cnpasa fi = 20. 



rijioTHocTb BepoHTHocTH fl^jisi oflHOMepHoro HopMajibHoro pacnpe/;ejieHHa 
pasHa 



f{x\fl,(T^) 



1 1 (x'l^r 

P 2 "^ 



(47) 



aV27r 

rfle X - /i,eHCTBHTejibHoe hhcjio, — oo < x < cxd. Cpe/inee snaneHHe h flHC- 
nepcHH paBHbi 



E{X) = fi, 



(48) 



D{X) = a^ 



(49) 



OneHb BajKHoe cbohctbo HopMajibHoro pacnpeflejieHHH coctoht b tom, 
HTO, ecjiH flBe cjiynaftHbie BejiHHHHbi X nY noflHHHHioTCH HopMajibHOMy pac- 

npe/],ejieHHK) CO Cpe/];HHMH //x H /iy H flHCnepCHHMH CTx H cry COOTBeTCTBeHHO, 

TO cjiynaHHaa BejiHHHHa Z = X + Y pacnpeflejiena corjiacHO HopiviajibHOMy 

pacnpe^ejieHHK) co cpe/iHHM ^z = A*x + A*y h flHcnepcneii az = \/(^x + '^y ■ 
^OKaaaTejibCTBo sToro 4)aKTa saKjironaeTca bo bssthh HHTerpajia b cJjopMy- 

jie 
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F{z\fix,fJ-Y,crx,crY) = f dxdy5{z - x - y)N{x\fix,f^x)N{y\nY,crY). 

OTciofla, B HacTHocTH, cjie^eT, hto ecjiH cjiynaftHMe BejiHHHHbi Xi, X2, . . . , X^r 

noflHHHaioTCH HopMajibHOMy pacnpe^ejieHHK) c yHHeepcajitHbiMH cpeflHHM 

1 ^ 
^ H /^HcnepcHeii a, to cjiynaHHaH BejiHHHHa X{N) = — 2_] Xj^ no^HH- 

A;=l 

HHeTCH HopMajiBHOMy pacnpe/iejieHHio co cpeflHHM /xx = ^ h flHcnepcHeft 
a\ = —a . B npe^ejie A^ — )• 00 cjiynaiiHaH BejiHHHHa X{N) c BepoHTHO- 
CTbK) paBHOH 1 npHHHMaeT SHaneHHe ^. 

XapaKTepHCTHHecKaa 4)yHKu;HH j^jiz HopMajibHoro pacnpeflejieHna paBHa 

$(t) = 6^*^-1*"'^'. (50) 

HopMajibHoe pacnpe^ejieHHe TaKJKe mojkho nojiyHHTb nyTeM npeflejib- 
Horo nepexo/];a h3 6HHOMHajibHoro pacnpeflejieHHH. TaK, ecjiH X - hhcjio 
co6biTHH (ycnexob) b n HcnbiTaHHHX BepnyjijiH, a BepoHTHOCTb noaBjieHHH 

Co6bITHH B OflHOM HCnblTaHHH OCTaeTCH TOtt JKB CaMOH, TO KaKHMH 6bl He 

6bijiH /^eiicTBHTejibHbie HHCjia a r b (a < b), 

X-np ,, 1 /-^ :.2 , 

^ynp{l - p) ■^'^'^ V27r J a 

3to yTBepjKfleHHe nasbiBaeTCH TeopeMoii MyaBpa-JIanjiaca. 

BecbMa BajKHoii HBjiaeTCH TaKJKe TeopeMa JlanyHOBa, KOTopaa yTBep- 
jK/i;aeT, hto ecjiH sHaneHHa nesaBHCHMbix cjiyHaitHbix BejiHHHH 6y/iyT Majibi 

B CpaBHeHHH C HX CyMMOH, TO, npH HeorpaHHHeHHOM BOSpaCTaHHII HHCJia 

3THX BejiHHHH, pacnpeflejieHHe hx cyMMbi CTanoBHTca npnGjiiiJKeHHO Hop- 
MajibHbiM. TeopeMa pa6oTaeT npn BecbMa o6mHX ycjioBHHX j^jin jiK)6bix pac- 
npe;],ejieHHH. 3to nosBOJiaeT npn Hccjie/i;oBaHHH cjiynaiiHOH BejiHHHHbi, sb- 
jiaromeftcH cyMMoii mhophx cjiynaftHbix BejiHHHH, BjiHHHHe KOTopbix na caMy 
cyMMy HesHaHHTejibHO, sapanee npe^nojiaraTb, hto pacnpeflejieHHe ouihGok 
npH HSMepeHHH stoh cjiynaHHOH BejiHHHHbi 5yfleT HopMajibHbiM. 

Ha Phc. [3]noKa3aHbi hjiothocth BepoHTHOCTH fljia HopMajibHoro pacnpe- 
flejieHHH c pasHbiMH SHaneHKHMH napaivieTpoB: cjieBa ^ = 10, o" = 5, cnpaBa 
^ = 20, 0- = 10. 

1.7.4 MHoroMepHoe HopMajiBHoe pacnpe/i,ejieHHe 

HycTb flana fc-Mepnaa cjiynaiiHaH BejiHHHHa X, noflHHHHromaacH MHoroMep- 
HOMy HopiviajibHOMy pacnpeflejieHHio c napaivieTpaMH fl (/c-MepHbift BeKTop 
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Phc. 3: Pacnpe/iejieHHH hjiothocth sepoHTHOCTH fljiH HopMajibHoro pacnpe- 
flejieHHa c pasHbiMH SHaHeHHHMH napaivieTpoB: cjieea ;U = 10, o" = 5, cnpasa 
/i = 20, 0- = 10. 



fleftcTBHTejibHbix HHceji) H \y\ (MaTpHLi;a pasMepnocTH [A; x /c] c nojiojKH- 

TejIbHblMH Co6cTBeHHbIMH HHCJiaMH). 
IIjIOTHOCTb BepOHTHOCTH paBHa 



f{X\il\V\) 



1 



(27r)tyl 



^-\[i-^Y[v\-\x-n) 



(51) 



r^e nepeMCHHaa x = {xi,X2, ■ ■ ■ ,Xk) - k-uepHbrn BemecTBeHHbiii BeKTop, 
V = det[V]. 

Cpe/],Hee sHaneHHe paBHo 



E{X) = p. 
KoBapHaii;HH onpe/];ejiaeTCH KaK 



(52) 



coviX„Xj) = E{XiXj) - E{X,)E{Xj), i,j = l,k. (53) 

KoppejiimHH onpe/iejiHeTCH KaK 

cov{Xi,Xj) 



Pij 



'^X.CFXj 



(54) 
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rfle a^- = E{{Xi — E(Xi))'^). HeTpy^Ho flOKaaaTb, Hcnojibsya HepaseHCTBo 
KoniH-ByHHKOBCKoro, hto — 1 < pij < 1. 

/],IICnepCHH H KOBapHaiI,H}I paBHbl, COOTBeTCTBeHHO, 

D{X,) = Vu, i = l,k, (55) 

cot;(Xj,Xj) = Vij, i,j = l,k. (56) 

PaccMOTpHM B KanecTBe nacTO BCTpenaiomerocH npHMepa /],ByMepHoe 
HopMajibHoe pacnpeflejieHHe u. 

HyTeM saMeHbi KoopflnnaT b hjiockocth (X,Y) 
X' = X cosif — Y sirup 
Y' = X simp + Y cosip 

MOJKHO Bbl6paTb HOByiO CHCTeMy KOOpflHHaT, B KOTOpOH 4)yHKII,Ha 

Y/2 Y/2 

(X,Y)^[V]-HX,Y) = — + — 

flHaroHajibHa h njioTHOCTb HopMajibHoro pacnpe/i,ejieHHH N{X' , Y'\. . .) npn- 
HHMaeT BH/i; 

1 -kif^ + ^) 

f{x',y') = - e "x' "v . 

2TTax'0'Y' 

BcjieflCTBHe Toro, hto Bpamenne coxpanaeT ;];eTepMHHaHT MaTpHLi,bi \V\^^ 

HMeeM paBeHCTBO 

1 1 



MaTpHU;a [V] H KOScJ^cJjHI^HeHT KOppejIHLI,HH pxY B HOBblX KOOpflHHaTaX 



\ PXYCrxcry Cfy 



cos^ipa\i + sirpipayi simp cos ^p {a yi — (y\i) 
simp cos p{aY, — a\,) sin^Lpa"]^, + cos'^payi 



cov{X,Y) sin2ip{aYi — cr'j^i) 

PXY ~ ~ 



tan 2^9 



'^PXY(^X(^Y 



(Ty, - a\, 



3flecb fljia npocTOTBi mbi paccMaTpHBaeM cjiynaii /ix = l-tY = 0. 06o6iii,eHHe fljia 
o6iii,ero cjiy^iaa oieBHflHO. 
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-.e 2(i-4y)^ ^ 



2xypxY 



f{x,y) = , 

27rcjx<7yy^l - PxY 
ripH npoeii;HpoBaHHH cjpyHKi^HH pacnpeflejieHHH na och X viY nojiynaeM 

2 

/•oo ;^ 

/x(a;) = / f{x,y)dy = 



-oo 
oo 



2iTax 

1 



2o-;, 

-e ^ 



y 

2o? 



/y(y) = / f{x,y)dx = 

J— oo \/ ZTTay 

XapaKTepHCTHHecKaa 4)yHKu;Ha pasna 

Ha Phc. UlnoKasaHa njioTHOCTb sepoHTHOCTH fljiH flByMepnoro HopMajib- 
Horo pacnpe^ejieHHH co cjieflyioii];HMH anaHeHHHMH napaivieTpoB: /xi = 20, 
CTi = 10, H2 = 10, 0-2 = 5, pi2 = 0. 



Two-dimensional normal distribution | 




Phc. 4: Pacnpe^ejieHHa njioTHOCTH BepoHTHOCTH fl^jia flByMepnoro Hopiviajib- 
Horo pacnpe^ejieHHa co cjieflyiomHMH SHaHeHHHMH napaMexpoB: /xi = 20, 
ai = 10, fi2 = 10, 0-2 = 5, pi2 = 0. 



1.7.5 F-pacnpe^ejieHHe 

F-pacnpeflejieHHe othochtch k HHCJiy ochobhbix thhob pacnpeflejieHHii. Ha- 

nOMHHM, HTO r-4)yHKII,HH 
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r(6) = / x^-^e-^dx = {h- 1)! (58) 

Jo 

npeflCTaBjiaeT co6oh HHTerpaji, paBHbitt (jaaKTopnajiy KaKoro yro^HO nojio- 

jKHTejibHoro HHCjia h. 3tot (JjaKT mojkho peajiHSOBaTb b BH/ie 4)yHKii,HO- 

HajiBHoro ypaBHeHHH r-4)yHKn,HH, npe^cTaBjiHiomero ocHOBHoe cbohctbo F- 

4)yHKu;HH, 

T{h + l) = bT{h). 

PacnpeflejieHHe nenpepbiBHOH cjiynaiiHOH BejiHHHHbi X, 3aBHCHiii,eH ot 
oflHoro napaMBTpa h c njioTHOCTbio BepoHTHOCTH 

rpO J- ^ J/ 

HasbiBaeTCH F-pacnpeflejieHHeM. KyMyjiHTHBHaa 4)yHKii;HH pacnpeflejieHHH 
ecTb 

MaTeMaTHHecKoe oJKH/iaHHe h /];HcnepcHii cjiyHaftHoft BejiHHHHbi coBna- 
^aioT H paBHbi SHaneHHio napaMeTpa 6. 

TaKJKe F-pacnpeflejieHHeM r(a, 6) nasbiBaeTCH pacnpe/];ejieHHe c /i,ByMH 

napaMBTpaMH a H & H C njIOTHOCTblO BepOHTHOCTH 

I ,^ a(ax)^-ie-"^' 
/(a:^k,6) = pT^T , (59) 

rfle a H 6 nojiojKHTejibHbie /leiicTBHTejibHbie HHCjia. B 3tom cjiynae cpeflHee 
SHaneHHe h ^HcnepcHH paBHbi 

ii;(x) = -, (60) 

a 



D{X) = -. (61) 

XapaKTepHCTHHecKaa 4>yHKii,Ha paBHa 

$(t) = (1 - -)-^ (62) 

a 

F-pacnpeflejieHHe TecHO CBHsano c HopiviajibHbiM pacnpeflejieniieM. Ha- 
paMCTp h onpe/i,ejiHeT 4)opMy pacnpe/i,ejieHHH, a napaMexp a aBjiaeTCH na- 
paMCTpoM MacmTa6a. 

Ha Phc. [5] noKaaaHbi njioTHocTH BeposTHOCTH /i;jis F-pacnpe^ejienHH c 
pasHbiMH SHaHeHHHMH napaMBTpoB: cjieBa a = 1.2, 6 = 5, cnpaBa a = 8, 
= 2. 
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Phc. 5: PacnpeflejieHHH hjiothocth BepoHTHOCTH p^jia F-pacnpeflejieHHa c 
pasHbiMH SHaneHHHMH napaMBTpoB: cjieea a = 1.2, 6 = 5, cnpaea a = 8, 
6 = 2. 



1.7.6 x^-P&cnpe/i,ejieHHe 

^jiH x'^'P^cnpe/iejieHHa njioTHOCTb BepoHTHOCTH paBHa 



f{x\N) 



mn-' 



.iV^ 



-e 2. 



rfle < x < oo, a A^-u;ejioe nojioJKHTejibHoe hhcjio. 
Cpe/],Hee sHaneHHe h ;i;HcnepcHa paBHbi 

E{X) = N, 



(63) 



(64) 



D{X) = 2N. 
XapaKTepHCTHHecKaa 4)yHKii,HH paBHa 

$(t) = (l-2it)-T. 



(65) 



(66) 



X^-pacnpe/];ejieHHe CBHsano c HopiviajibHbiM pacnpe^ejieHiieM. A iiMeHHO, 
nycTb Xi, ^2, . . . , X]\f aBjiHioTCH neaaBHCHMbiMn cjiynanHbiMH BejiHHHHaMH, 
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noflHHHHiomHMHCH CTaH/];apTHOMy HopMajibHOMy pacnpe/iejieHHio (to ecTt, 
/i„ = 0, D{Xn) = 1, n = 1, . . . , N). Tor/ia cyMMa KBaflpaToe 



X% 



N 



(67) 



pacnpeflejiena no x^-pacnpe/];ejieHHio c N CTeneHHMH CBo6o/];bi. x^-pacnpe/];ejieHHe 

B03HHKJI0 C paSBHTHeM CTaTHCTHKH J^JIii oniicaHHH nOBefleHHH 4)yHKLi;HH OT 

Ha6jiiofleHHbix ;],aHHbix h HBjiHeTca nacTHbiM cjiynaeM F-pacnpeflejieHHa 

x% = r{-,-). 

Ha Phc. [6] noKasaHbi hjiothocth BeposTHOCTii fljiH x^-pacnpe/i,ejieHHH c 
pasHbiMH SHaHeHHHMH napaMBTpoB: cjieBa A'^ = 10, cnpaBa N = 20. 




Phc. 6: PacnpeflejieHHH hjiothocth BepoHTHOCTH fljiH x^-pacnpe/];ejieHHH c 
pasHbiMH SHaHeHHHMH napaMBTpoB: cjieBa A^ = 10, cnpaBa N = 20. 



(DynKmisi xn = vX^N HMecT x(-^)-pacnpe/];ejieHHe c (J^yHKi^Heii hjiotho- 



CTH 



f{x\N) 



ay 



^l^N-l 



r(f) 



-e 2-^ . 



B acHMHTOTHHecKOM npej^Bjie X^{N)- h x(-^)-pa'Cnpe/],ejieHHH ctpcmhtch k 
HopMajibHOMy, npHHCM 3TH pacnpe/^ejieHHH c xopomeft TOHHOCTbio mojkho 
CHHTaTb HOpMajIbHblMH npH n > 30. 
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MoJKHO TaKJKe noKasaTb, hto npn Gojibinnx SHaneHiiHX N BejiHHHHbi 
Sn = — -j^z^- H T/v = y'^XN ~ \/2A^ — 1 pacnpe/],ejieHbi no cTaH/],apTHOMy 
HopMajibHOMy saKony A^(0, 1). 

1.7.7 JlorHopMajiBHoe pacnpe/i,ejieHHe 

rijioTHOCTb BepoHTHOCTH jiorapHcJjMHHecKH HopMajibHoro pacnpeflejieHHH (jio- 
THopMajibHoro) paBHa 

/(x|/i,o-) = — = — e 5^^ 
^/27^a X 



rf\e /x-flencTBHTejibHoe hhcjio, a cr-nojioJKHTejibHoe flencTBHTejibHoe hhcjio. 
Cpe^Hee SHaneHHe h flHcnepcHH paBHbi 

E{X) = e"-^"', (69) 

Z)(X) = e2'^+"'(e"'-l). (70) 

JIornopMajibHoe pacnpe/;ejieHHe onncbiBaeT cjiyHaftHyro nepeMennyio, jio- 
rapHcJjM KOTopoii noflHHHHeTca HopiviajibHOMy pacnpeflejieHHio. 

Ha Phc. [7]noKa3aHbi hjiothocth BeposTHOCTH fljiH jiornopMajibHoro pac- 
npe/];ejieHH5i c pasHbiMH sHaHeHHHMH napaMeTpoB: cjieBa fi = 5, a = 2.5, 
cnpaBa /u = 4, o" = 0.9. 

1.7.8 PaBHOMepHoe pacnpe^ejieHHe 

HjIOTHOCTb BepOHTHOCTH paBHa 

f{x\a,b) = -^, (71) 

— a 

r^e X - ^eflcTBHTejibHaa nepeMeHHaa, y/i,OBjieTBopaioii];aa HepaBencTBy a < 
X <b, a n b - /i,eHCTBHTejibHbie HHCJia. 
Cpeflfiee sHaneHHe h /i,HcnepcHa paBHbi 

E{X) = ^. (72) 

D(X) = ^. (73) 

XapaKTepHCTHHecKaH 4)yHKii;Ha paBHa 
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lognormal distribution | 



|025 



0.02 



0.015^ 



0.01 



0.005 



7\ 1 ; ; : ! ; 


ri 


■ \ 1 




\ 1 ^ ^ 1 1 





l" 1 /Lb~~~-~-^-^__^_^ 


,,,,!,, 



10 15 20 25 30 35 40 



Phc. 7: PacnpeflejieHHH hjiothocth BepoHTHOCTH /;jih jiornopMajibHoro pac- 
npeflejieHHH c pasHbiMH SHaHeHHHMH napaivreTpoB: cjieea fj, = 5, a = 2.5, 
cnpaea fj, = 4, a = 0.9. 



m 



pitb pita 



(74) 



it{b — a) 

Ha PHC.[8]noKa3aHbi hjiothocth bcpohthocth ^jih paBHOMepnoro pacnpe- 
flejieHHa c pasHbiMH 3HaHeHH5iMH napaMeTpoB: cjieBa a = 5, 6 = 10, cnpaBa 
a = 15, 6 = 35. 



1.8 3aKOH SojiBiuHx HHceji. I^eHTpajibHaa npe/],ejifaHa5i Teo- 
peMa 

1.8.1 3aKOH 6ojibiiiHx HHceji 

IlycTb Xi , X2 , . . . , X]\i - HesaBHCHMbie o^HHaKOBO pacnpe/i,ejieHHbie cjiynaii- 
Hbie BejiHHHHbi H nycTb E{X) = fj,. Tor/];a c eepoaTHOCTbK) 1 BbinojinaeTca 
cooTHomeHHe 



1 



N 



Urn ^ y^ X 

K = l 



k= ^J'- 



(75) 
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Uniform distribution | 
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Phc. 8: Pacnpe/iejieHHa hjiothocth BepoHTHOCTH p^jia pasHOMepHoro pacnpe- 
flejieHHa c pasHbiMH SHaneHHiiMH napaivieTpoB: cjiesa a = 5, 6 = 10, cnpasa 
a = 15, 6 = 35. 



3aKOH 6ojibmHX hhcbji (I75p cjie^yeT h3 HepaBencTBa He6bimeBa (I22p h 

H3 TOrO (JjaKTa, HTO /I,Jia nesaBHCHMblX BejIHHHH Xi , . . . , X^v C O/lHHaKOBbIM 

cpe/];HHM SHaneHHeM h /iHcnepcHeii 



Di 



Xi + ... + Xn, D{Xi 



N 



N 



(76) 



1.8.2 I^eHTpajiBHaa npe^ejitHaii TeopeMa 

L^eHTpajibHaH npe^ejibHaH Teopeivia yTBepjK^aeT, hto cyMMa N neaaBHCH- 
Mbix cjiyHaHHbix BejiHHHH Xjf CTpeMHTca B npe/iejie A^ — )• c« k HopMajibHOMy 
pacnpe^ejieHHK), a HMeHHO 



N N 

k=l k=l 



N 



iV(0,l) 



(77) 



\ A:=l 



Sflecb //fc H (t| - cpe;],HHe sHaneHHa h /i,HcnepcHH cjiynaftHbix BejiHHHH X^, a 
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A^(0, 1) cTaH/i,apTHoe HopMajibHoe pacnpeflejieHHe c njioTHocTbio pacnpefle- 

JieHHH 

/(x|/i = 0,a = l) = -^e-^. (78) 



^OKasaTejibCTBO TeopeMbi mojkho HaftTH, nanpHMep, b MOHorpa4)HH pl)j. 
Ll,eHTpajibHaji npe/];ejibHaH TeopeMa no cyTH fljsjia. HjijirocTpHpyeT tot cJDaKT, 
HTO HopMajibHoe pacnpe^ejieHHe hbho Bbiflejieno h3 Bcex /;pyrHX pacnpe^e- 

JieHHH. 

1.9 HHtJ)OpMaLI,H5I 

PaCCMOTpHM N HesaBHCHMblX HSMepeHHH CJiynaHHOH BejIHHHHbl X, 3aBH- 

CHmeft OT BeKTopa napaneTpoB 0. Hx mojkho paccMaTpHBaTb KaK cjiynaii- 
Hbitt BeKTop c N cjiynaftHbiMH oflnnaKOBO pacnpeflejiennbiMH KOMnoneHTaMii 
X/;, A; = 1, 2, . . . , A^, TO ecTb KaK X = (Xi, X2, . . . , Xf^). MnoJKecTBO Bcex 

flOnyCTHMblX SHaHeHHH X 0603HaHHM KaK Q^. 

B CHJiy HeSaBHCHMOCTH Xk njIOTHOCTb BepOSTHOCTH X paBHa 

N 

p{x\e) = p{Xi,X2, ...,Xn\e) = l[ a(x, e), (79) 

fc=l 

rfle fk{x,0) - njioTHOCTb BepoHTHOCTH cjiyHaHHoit BejinHiiHbi Xfc, & 9 - na- 
paivieTpbi, onHCbiBaromHe pacnpe/iejieHHe. B cjiynae, Korfla nepeMennaH X 
saivieHHeTca na Ha6jiio/];aeMbie flannbie x = (xi, X2, ■ ■ ■ , x^) 4)yHKii;Ha P yjKe 
He HBjiaeTCH 4)yHKn,HeH pacnpeflejieHHH cjiynaftHbix BejiHHHH, a nasbiBaeTCH 
4)yHKu;HeH npaBflono^oGHH, KOTopaa sasHCHT ot napaMeTpoB pacnpe/iejie- 
HHa 6 

L{x\e) = p{x\e). (80) 

JlroGaa 4)yHKii,HH T = T(xi, X2, • • • , Xjv) ot HSMepennbix BejiHHHH nasbi- 

BaeTCa CTaTHCTHKOft. 

HH4)opMaii,HH no Onmepy |14| onpe/iejiaeTCH KaK 

Ul) = El^J^f] = 1^^ i»J!^niAS)i.^ (81) 

B cjiynae, Korfla 9 = {9i,92, ■ ■ ■ , 9N)-k-MepHhm BeKTop, o5o6n];enHe 4)op- 
Myjibi (|81|) ecTb 4)opMyjia 
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- dlnim dlnL{x\ei 

dlnL[x\e) dlnUx\^ - 

n, ^ ^^]L{x\e)dx. (82) 

B cjiynae, Kor/],a cjiynaHHaH BejiHHHHa X pacnpeflejiena no HopMajibHOMy 

SaKOHy C HBHSBeCTHblM Cpe/IHHM /i H HSBeCTHOH flHCnepCHeft (T^ , HH4)opMau;HH 

fljiH oflHoro Ha6jiiofleHHH x paBHa 

/oo q2 X — U 1 1 (x-ii)^ 

CO I I i(x^W 1 

-^^^e ^^^dx = ^. (83) 

B cjiynae A^ HesaBHCHMbix HSMepeHHii xi,X2, ■ ■ ■ , xn cjiynaHHOH BejiHHH- 
Hbi X, no/iHHHaiomeHCH HopMajibHOMy pacnpe^ejieHHio, HH4)opMaii,HH pasna 

n ^=^e-5^^dx, = — = iV/i(/i, a). (84) 

B flHCKpeTHOM cjiynae, Kor^a y nac cjiyHaitHaa BejiiiHHHa X npHHHiviaeT 

SnaHeHHH 1, 2, . . . , A^ C BepOHTHOCTHMII pi,p2, . . . ,PN COOTBeTCTBeHHO, HH- 

4)opMaii,HH onpe^ejiHeTCH KaK 

N 

H{pi...pn) = -k^Pilnpi. (85) 

fc=i 

rfle fc-HeKOTopaH HopMHpoBOHHaa KOHCTaHTa, a V^Pj = 1, Pi > 0. Mojkho 

i 

noKaaaTb, hto HHcJiopMai^HH (1851) MaKCHMajibna npH pi = P2 = ■ ■ ■ = Pn = 
1 
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2 OcHOBHbie sa^aHH h MeTo^bi MaTeMaTHHecKoii CTa- 

THCTHKH 

2.1 OcHOBHfaie 3a/],aHH CTaTHCXHKH 

EcjiH ocHOBHoii saflaneii Teopnii BepoaTHOCTefi HBjiHeTCH nocTpoeniie Moj^ejin 

CJiyHailHblX HBJieHHH, nOSBOJIHKimHX BbipaSHTb BepOHTHOCTH 6ojiee CJIOJKHblX 

HBjieHHH Hepes BeposTHOCTH npocTbix, TO saflaHH MaTeMaTHHecKoii CTaTH- 

CTHKH SBJiaiOTCH B HeKOTOpOM CMblCJie o6paTHbIMH HO OTHOUieHHIO K TeopHH 

BepoHTHOCTeii. H coctoht ohh b Bbipa6oTKe npoii,e/i,yp h ajiropHTMOB, nos- 
BOjiaiomHX no SKcnepHMeHTajibHbiM flannbiM nojiyHHTb OLi,eHKH napaneTpoB 
4)yHKLi,HH pacnpeflejieHHH BepoHTHOCTeii h, TeM caMbiM, oii;eHHTb napaMeTpbi 
TeopeTHHecKoii MO/],ejiH. HTaK, rpacJ^HHecKH mm mojkom npoHjijirocTpiipoBaTb 
3T0 cjie/i,yK>mHM o5pa30M. 



TeopeTHHecKaa 
MOflejib 



BepOHTHOCTb 



^aHHbie 



TeopeTHHecKaa 

MOflejib 



HsBjieneHHe 
napaMOTpoB 

MOflejIH 



^aHHbie 



MoJKHO CKasaTb, hto ochobhmmh saflanaMH CTaTHCTHKH aBjiaroTCH. 

1. Oii,eHKa napaMeTpoB MO/],ejiH h3 HMeioiii,HXCH SKcnepHMeHTajibHbix flan- 

HblX. 

2. HocTpoeHHe HHTepBajioB ^OBepna - naxojKfleHHe oGjiacTeii napaMeT- 
poB MO/],ejiH, He npoTHBopenamnx SKcnepHMeHTajibHbiM flaHHbiM. 

3. IIpoBepKa rnnoTes - yflOBjieTBopaeT jih Ta hjih nnaa rnnoTesa SKcne- 
pHMeHTajibHbiM /i,aHHbiM H KaKaH H3 paccMaTpHBaeMbix rnnoTes yflo- 
BjieTBopaoT SKcnepHMOHTajibKbiM flaHHbiM jiynme. 

4. KanecTBO 4)HTa - nacKOJibKO xopomo MO/];ejib cooTBeTCTByeT SKcnepn- 

MeHTajIbHblM flaHHblM. 

Ha cero/i,HHmHHii flenb b MaTOMaTHHecKOH CTaTHCTHKe HcnojibsyioTca b 
OCHOBHOM TpH MeTO/],a, no3BOJiHK>mHX peuiHTb o6paTHyio 3a/i,aHy - HSBjiene- 
HHe H3 3KcnepHMeHTajibHbix flaHHbix napaMCTpoB pacnpeflejieHHH: 

• HacTOTHbiii noflxo/;, 
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• MeTOfl MaKCHMajibHoro npaB/];ono/i,o6Ha, 

• BaiiecoBCKHH MeTOfl. 

SaMBTHM, HTo HacTOTHbiH no^o^i; 6jih3ok k MeTo/];y MaKCHMajibHoro npas- 
flonofloGHH, HO He coenaflaeT c hhm. HiicjieHHbie oi^eHKH, nojiyHennbie c 
noMoni,bio 9THX Tpex MCTOflOB KaK HpasHjio pasjiHHaioTCH. B cjieflyioni,HX 
pa3/];ejiax 3toh rjiaBbi mm onncbiBaeM 3th Tpn MeTO/ia na npHMepe aa^aHH 
HaxoJK;];eHHa BepxHero npe/],ejia na napaivreTp A pacnpe/i,ejieHHH HyaccoHa 
P(n|A). 

2.2 HacTOTHfaiii noflxo/i, 

2.2.1 /^OBepHTejibHBiH HHTepBaji H npe^ejiBi ^OBepHH 

HacTO Ha ocHOBaHHH HSMepeHHH cjiyHattHOH nepeMeHHOH flejiaroTca bbibo- 
flbi o BOSMOJKHbix SHaneHHHX napaMBTpoB pacHpeflejieHHH, onHCbiBaion],HX 
HOBe^eHHe 3toh HepeMeHHoii. Tax Kax oGmhho napaMeTp He HBjiaeTCH cjiy- 

HailHOH BejIHHHHOH, TO Mbl He MOJKeM TOBOpHTb O BepOHTHOCTHblX XapaKTe- 

pHCTHKax HapaMeTpa. B 3tom cjiynae mojkho roBopHTb o CTenenn flOBepna 
K ou;eHKe BejiHHHHbi napaMexpa, HOJiyneHHoft h3 pesyjibTaTOB HSMepeHHH. 
^jiH npe/];cTaBjieHHH ou;eHOK napaMexpoB 6bijiH BBeflenbi hohhthh flOBepn- 
TejibHbiii HHTepBaji h npeflejibi ^OBepHH l^. ^OBepHTejibHoe ou,eHHBaHHe b 
HacTOTHOH HHTepHpeTau;HH HacTO CBHSbiBaioT c E. HeftMaHOM [T6|. 

^OBepHTejIbHblH HHTepBaji - 3TO HHTepBaji, HOCTpoeHHblH C HOMOIII,bIO 

cjiyHaHHoit Bbi6opKH H3 pacnpe/i,ejieHH5i c HensBecTHbiM HapaMeTpoM, Ta- 
KOH, HTo OH co;];epjKHT ;i;aHHbiH napaMeTp c saflaHHoft BepoHTHocTbio (ypoB- 
HeM /];oBepHa) 1 — a, rj^e BejiHHHHa a G [0, 1] o6biHHO nasbiBaeTCH ypoBHeM 

SHaHHMOCTH. 

Onpe/];ejieHHe: IlycTb xi, X2, . . . , x„ ecTb Bbi6opKa h3 pacnpeflejienHH P{9), 
rjie 9 - HBHSBecTHbiH napaMeTp. HycTb TaK»ce 3a/i,aH ypoBenb flOBepna 1 — 
a £ [0,1]. Tor/];a cjiyHannbiH HHTepBaji [L,U], r^e L = L(xi,X2, ■ ■ ■ ,Xn), 
U = U{xi,X2, ■ ■ ■ ,Xn) ecTb neKOTopbie CTaTHCTHKH HMeioin;eHca Bbi6opKH, 
TaKOH, HTo P{L < 6 <U) = 1 — a, nasbiBaeTCH (1 — Q)-flOBepHTejibHbiM nn- 
TepBajiOM /],ji5i HapaMeTpa 9. Ilpn o^^nocToponneM nocTpoennn flOBepnTejib- 
Horo HHTepBajia ^jih HapaMeTpa b KanecTBe cjiynaiiHOH Bejinnnnbi BbicTyna- 
eT TOJibKO o/ina h3 rpannn, nnTepBajia. B stom cjiynae, ecjin stoh rpanHii,eH 
HBjTsieTCH jieBaa rpanHn;a nnTepBajia L, to roBopHT o nnjKHeM npe^ejie c 



CymecTByeT noflxofl, no3BOjiaioiii,HH pacmnpHTb sth nOHSTHa flo nOHaxHii flOBepH- 
TejTbHaa njiOTHOCTb h flOBepHTejibHoe pacnpeflejieHHe. Bojiee noflpo6HO c flannbiM na- 
npaBjieHHeM HCCjieflOBaHHii mo>kho nosHaKOMHTbca b o63ope |15| . 
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ypoBHeM /lOBepHH (1 — a). Ecjih jkb b KanecTBe TaKott rpaHHi^bi BbicTynaeT 
npaBaa rpaHHii,a U, to roBopHT 06 sepxHeivi (1 — a)-npe/];ejie. 

2.2.2 npe^ejiBi floeepHa ajih napaivieTpa pacnpeflejieHHH Ilyacco- 
Ha 

HycTb ME.I HSMepaeM KOJinnecTBO co6biTHH b SKcnepHMeHTe, npHHeivi co6biTHa 

pacnpeflejieHbi no saKony HyaccoHa P(n\\) = — -e~ . IIpeflnQjioJKHM mm Ha- 
ni 
6jiio;],aeM Uobs co5biTHH h nama Li;ejib nojiyHHTb BepxHHH npefleji A < Xup na 

napaMBTp A c TOHHocTbio (1 — a). 06biHHo na npaKTHKe a BbiGnpaeTca paB- 

Hoii 0.05 (95% ypoBCHb flocTOBepnocTH) . B nacTOTHOM noflxofle Tpe6yeTCH, 

HTo6bI 

P(n<no6,|A) = 5]P(n|A)>a. (86) 

n=0 
HhMMH CJIOBaMH, BepOHTHOCTb Ha5jIK)fleHHH KOJIHHeCTBa Co6bITHH MeHbmeit 

HjiH paBHOH Uobs flOJiJKHa 6biTb He MeHbine, hbm q. Hs cooTHomeHHH (I86p 
MOJKHO nojiyHHTb orpaHHHeHHe CBepxy na napaMeTp A b pacnpe/],ejieHHH 
IlyaccoHa 

A < A„p(nobs,a). (87) 

BepxHHH npe;];eji saBHCHT KaK ot n^bs, TaK h ot a. TaK, nanpHMep, 

Anp(no6s = 0,a = 0.05)=3.0, (88) 

Anp(nob. = 0,a = 0.01)=4.6, (89) 

Xup{nobs = 2,a = 0.05) =6.3, (90) 

Xup{nobs = 2,a = 0.01) =8.A, (91) 

Saflana onpeflejieHHH HHJKHero npe^ejia Xio^ na ypoBHe 1 — a /locTOBep- 

HOCTH CBOflHTCH K pemeHHK) HepaBeHCTBa 

00 

Pin > nobs\X) = Y. ^(^1^) ^ "• 

n=nobs 

B Ta6. [T]npeflCTaBjieHbi BepxHHe Xup h HHJKHHe A^o^o npe^ejibi /],jih nob^ < 
10Ha = 0.1, a = 0.05, a = 0.01 [17J. 
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Ta6jiHii,a 1: SnaneHHa sepxHHX Xup h hhjkhhx A^q^ npej^ejioB ^jih Uobs < 10 
ho; = 0.05, a = 0.1. 



'IT'obs 


l-a = 0.9 


■^up 


1 - a = 0.95 


■^up 


Mow 

1 - a = 0.99 


■^up 





— 


2.30 


— 


3.00 


— 


4.60 


1 


0.105 


3.89 


0.051 


4.74 


0.01 


6.63 


2 


0.532 


5.32 


0.355 


6.30 


0.15 


8.40 


3 


1.10 


6.68 


0.818 


7.75 


0.44 


10.04 


4 


1.74 


7.99 


1.37 


9.15 


0.82 


11.60 


5 


2.43 


9.27 


1.97 


10.51 


1.28 


13.10 


6 


3.15 


10.53 


2.61 


11.84 


1.78 


14.57 


7 


3.89 


11.77 


3.29 


13.15 


2.33 


15.99 


8 


4.66 


12.99 


3.98 


14.43 


2.90 


17.40 


9 


5.43 


14.21 


4.70 


15.71 


3.51 


18.78 


10 


6.22 


15.41 


5.43 


16.96 


4.13 


20.14 



no;];HepKHeM, hto HHor/];a 3tot noffKO/\ k onpe^ejieHHro Bepxnero npe^ejia 
KpHTHKyeTCH Ha TOM ocHOBaHHH, HTO B (JjopMyjie (I86p CO/;epjKHTCH cyMMHpo- 
BaHHe no HeHa6jiio/i,aeMbiM BepoHTHocTaM P{nobs — 1; ^)i -P(?^ofes — 2, A), . . .. 



2.3 BaftecoBCKHH no^xofl 

J\jiii pacnpe/i,ejieHHH IlyaccoHa npHMeneniie (Jjopiviyjibi Baiteca ([6]) npHBO/];HT 
K 4)opMyjie pacnpe/iejieHHH hjiothocth BepoHTHOCTH fljia napaMeTpa A 

P(A|n) =7r(A)P(n|A), (92) 

rfle vr(A) - anpnopnoe pacnpe^ejieHHe (npnop) ^I8j . yflOBjieTBoparomee Tpn- 

BHajIbHOMy yCJIOBHIO HOpMHpOBKH 

P{\\n)d\ = / 7r(A)P(n|A)dA = 1. (93) 

/O JQ 

HpeHMymecTBOM BaiiecoBCKorQ noflxo^a HBjiHeTca to, hto 4)opMyjia (j92p 
no cyTH j\ena cbo^ht sa^^any CTaTHCTHKH k sa^ane Teopnn BepoHTHOCTett, 
nocKOJiBKy Mbi 3HaeM njioTHOCTb BepoHTHOCTH napaMeTpa A n mojkbm npn- 
MenHTb MeTOflbi Teopnn BepoHTHOCTeii ^jih orpannHennH napaMeTpa A. 

K neflocTaTKaM BaiiecoBCKoro nop^oj\a OTnocHTca: 
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1. IlapaMeTp A He HBjiHeTca cjiyHaitHbiM napaivieTpoM b KjiaccHHecKOM 
HacTOTHOM noHHTHH TeopHH BepoHTHOCTeii. IlapaMeTp A HMeeT BnojiHe 
onpe/iejieHHoe SHaneHHe, npocTO mm ero He snaeM. OGbihho na 3Ty 
KpHTHKy a^enTbi BaiiecoBCKoro Ho/ixofla OTBenaroT, hto 4)opMyjia ()92p 
OHpe;];eji5ieT CTenenb /i,oBepHH k nameMy HOHHMaHHio, KaKHM MOJKeT 
6biTb HapaMBTp A. 

2. PesyjibTaTbi pacneTOB b BaftecoBCKOM HOflxofle saBHCHT ot HensBecT- 
HOH 45yHKLi;HH vr(A), KOTopyio Mbi /loJiJKHbi oHpe/i,ejiHTb Boo6n];e roBopH 
H3 "ad hoc" coo6paJKeHHH. 

HacTO B jiHTepaType HcnojibsyeTCH jih6o hjiockhh npnop 7r(A) = const, 

jih6o CTeneHHOH npnop 7r(A) = const ■ X~^ , npn^eM oco5eHHO HonyjiH- 

const 
pen HpHop 7r(A) = — j^. SaMeTHM, hto ^jih pacnpe/];ejieHHH riyaccoHa 
VA 

B CHjiy TOJK/iecTBa / P{n\X)dX = 1 ^jih HjiocKoro npnopa const = 1. 
Jo 

HTaK, B BaiiecoBCKOM noffKopfi sa/iana HaxojK/];eHHH Bepxnero orpaHHHe- 
HHH Ha HapaMeTp A na ypoBHe (1 — a) flocTOBepnocTH cbo/];htch k peineHHio 
HepaBencTBa 

/ P{X'\n)d\' <l-a (94) 

Jo 



HJIH 



/ P{X'\n)dX' > a. (95) 

Hs HepaBeHCTBa (j95p mojkho nojiyHHTb orpaHHHeHHe csepxy na napa- 
MeTp A 

A < Xup{nobs,a,TT). (96) 

HpH 3TOM napaMeTp Xup{nobs,Oi,TT) onpeflejiaeTCH h3 ypaBHenna 

rXup 

/ P{X'\n)dX' = l-a. (97) 

Jo 

SaMeTHM, HTO HepaBencTBO (j96p hbho saBHCHT ot 4)yHKii;HH npnopa 7r(A). 
ripH Bbi6ope njiocKoro npnopa '7r(A) = 1 b CHjiy TOJK/],ecTB 

/ P(no|A')dA' = ^P(n|A) (98) 



n=0 
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/ P{no\X')dX'= Y. Pi^\^) (99) 

•^° n=no+l 

nojiynaeM, hto nacTOTHoe HepaseHCTBO (f86|) coBnaflaeT c BaftecoBCKiiM nepa- 
BeHCTBOM (|95|) . Hhbimh cjiosaMH, npH Bbi6ope njiocKoro npnopa 7r(A) = 1 
BaftecoBCKHH noflxo/i; (HHCjieHHbie oii;eHKH) fljiH nojiyneHHa Bepxnero npe- 
flejia Ha napaivieTp A b pacnpeflejieHHH IlyaccoHa coBna/iaeT c nacTOTHbiM 
noflxo/iOM, ocHOBaHHOM Ha HCHOjibsoBaHHH cJjopMyjibi (|86p . 

B cjiynae npnopa '/r(A) = const ■ \" saBHCHMOCTb Xup{nobs = 0, a = 
0.05, /?) OT HapaMeTpa /3 noKasana na Phc. [9l 




Phc. 9: SaBHCHMOCTb BepxHcro Hpe^ejia ot CTeneHH /3 b BbipaxcenHH /\ji5i 
CTeneHHoro npnopa npn riobs = h a = 0.05. 



Saflana o6 onpe/iejienHH orpaHHHeHHH CHHsy Xi^^ na napaivieTp A cbo- 
flHTCH K pemeHHio nepaBencTBa 



rcx3 

/ P{X'\n)dX' <l-a. 
ITapaMeTp Xiow OHpe^ejiiieTCH h3 ypaBHenna 

POO 

/ P{X'\n)dX' = l-a. 



(100) 



(101) 
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Ta6jiHii,a 2: SnaHeHiiH BepxHiix X^p h hhjkhhx A^q^ npe/iejioB ^jih rioiis < 10 



H a = 0.05, a = 0.1. HpHop '7r(A) 



1 



nobs 


Mow 

l-a = 0.9 


■^up 


\ow 

l-a = 0.95 


^up 


1 


0.105 


2.30 


0.051 


3.00 


2 


0.532 


3.89 


0.355 


4.74 


3 


1.10 


5.32 


0.818 


6.30 


4 


1.74 


6.68 


1.37 


7.75 


5 


2.43 


7.99 


1.97 


9.15 


6 


3.15 


9.27 


2.61 


10.51 


7 


3.89 


10.53 


3.29 


11.84 


8 


4.66 


11.77 


3.98 


13.15 


9 


5.43 


12.99 


4.70 


14.43 


10 


6.22 


14.21 


5.43 


15.71 



^^^ COTlSt 

SaMeTHM, HTO B CHjiy TO>K;];ecTBa ()98p fljia npnopa — - — pesyjibTaTbi Bafl- 

A 
ecoBCKoro h nacTOTHoro noflxoflOB fljiH Xiow coBnaflaioT. 

^jia HacTO HcnojibsyeMoro npnopa '7r(A) ~ — |19| b Ta6.[2]npeflCTaBjieHbi 

A 
SHaneHHa BepxHHX A„p h hhjkhhx A/q^ npe/],ejioB fljia Hobs < 10 h a = 

0.05, a = 0.1. 



2.4 MeTOfl MaKCHMajibHoro npaBflono/i,o6H5i 

B MeTO/];e MaKCHMajibHoro npaB/];ono/],o6HH [20j flJiH cjiynaa CTaTHCTHKH Ilyac- 
coHa 4)yHKii;Ha MaKCHMajibHoro npaBflonofloGna 



L(A) = PKb,|A). 
Ha ycjiOBHS MaxcHMyMa 4)yHKu;HH npaBflonofloGna 

d 



dX 



L(A) = 



HaxoflHM HanGojiee BepoaTHoe sHaneHHe napaMeTpa A 



A. 



^obs- 



(102) 



(103) 



(104) 



B MeTOfle MaKCHMajibHoro npaBflOHOflo6HH BepxHHH h hhjkhhh npe^ejibi 
Ha napaMCTp A OHpe^ejiHioTCH hcxo/i,h hs nepaBCHCTBa 
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Ta6jiHii,a 3: SnaHeHHH sepxHHX A^p h hhjkhhx A^q^ npe/iejioB b MeTo^e MaK- 
CHMajibHoro npaB/],ono/];o6Ha fljia Uobs < 10 h a = 0.05, a = 0.1. 



riobs 


l-a = 0.9 


'^up 


l-a = 0.95 


Amp 





— 


0.82 


— 


1.34 


1 


0.19 


2.88 


0.11 


3.64 


2 


0.69 


4.40 


0.48 


5.29 


3 


1.29 


5.80 


0.98 


6.80 


4 


1.95 


7.13 


1.55 


8.23 


5 


2.65 


8.43 


2.12 


9.61 


6 


3.38 


9.71 


2.82 


10.96 


7 


4.13 


10.95 


3.51 


12.28 


8 


4.90 


12.19 


4.21 


13.58 


9 


5.68 


13.41 


4.93 


14.86 


10 


6.48 


14.61 


5.67 


16.12 



l2ln 



L{X, 



L{X) 



< s{a). 



(105) 



AcHMHTOTHHeCKH yCJIOBHe (|105P CBO/],HTCH K CTaHflapTHOMy LI,eHTpajIbHO- 

My HHTepBajiy c its (a) CTaH;];apTHbix rayccoBCKHX OTKjioHeHHH. ^jih pac- 
npe^ejieHHa IlyaccoHa nepaBencTBO (jlOSp npHHHMaeT bh^ 



j2[nobsin-j^ + A - Uobs] < s{a). (106) 

HanpHMep, npn Uobs = BepxHHii npe^eji na napaMCTp A hmcct bh/; 



A < Xupiriobs = 0,a = 0.05) = 1.34. 



(107) 



Oii,eHKa (I107p OTjinnaeTCH ot HacTOTHott oii;eHKH (I88p . 

KaK BHflHO H3 Ta6. [TH3]b o6meM cjiynae KaK nacTOTHbiH h BaftecoBCKHii 
nop^offbi, TaK H MeTO/i; MaKCHMajibHoro npaBflonoflo6HH fl^amr HMCjieHHO paa- 
Hbie SHaneHHa Bepxnero h HHJKHero npe^ejioB A„p h Xiow 
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3 Oi],eHKa napaMGTpoB 

3.1 OSmaa nocTanoBKa 3a/],aHH 

IlpeflnojioJKHM y nac HMeeTCH Ha6op 3KcnepHMeHTajibHbix flaHHbix x = (xi, 3:2, . 
cjiyHaHHoit BejiHHHHbi X, pacnpeflejieHHoit c njioTHOCTbio BepoHTHOCTii f{x\6), 
rjie ^-napaMBTpbi, onncbiBaiomHe pacnpe/iejieHHe. 3a/];aHa coctoiit b tom, 
HTo6bi oii,eHHTb napaMBTpbi 6 h naiiTH HHTepBajibi flOBepHH c /lOBepHTejib- 
HOil BepOHTHOCTbRD 1 — Q flJIH nojiyHeHHbix OIi;eHOK. 

B HacTOTHOM noflxofle HeHMana jl6j aa^ana pemaeTca cjieflyromHM o6pa- 
30M. C noMombK) 4)yHKii,HH pacnpeflejieHHS F{x\9) mm MOJKeM naftTH Taxne 
4)yHKii,HH xi{6,a) H X2{9,ct), HTo cnpaBefljiHBo paBencTBo 



1 ^71 



p{xi <x < X2\e) = 1 



Q 



X2 



f{x\9)dx. 



(108) 



Cmmcji paBBHCTBa (|108p oneBH/ieH h saKjiioHaeTCH b tom, hto oho cbhsbi- 
BaeT BepoHTHOCTb 1 — a HaxoJKfleHHa cjiyHaHHoit BejiHHHHbi X b npe/i,ejiax 
MejK/iy xi H X2 c HHTerpajioM ot hjiothocth BeposTHOCTH f{x\9). HHTepBaji 
[xi{6,a),X2{9,cx)] saBHCHT ot HSMepeHHoft BejiHHHHbi X H o6T>e/];HHeHHe Ta- 
KHX HHTepBajioB HasbiBaeTCH flOBepHTejibHbiM HHTepBajioM D{a). ^Jia mho- 
THX pacnpe/iejieHHH (nopMajibHoe pacnpeflejieniie, pacnpeflejieHHe Ilyacco- 
Ha) xi{9,a) H X2i0,a) MOHOTOHHbie 4)yHKu;HH ot napaMeTpa 6. Cmotph b 
KanecTBe HjijiK)CTpaii,HH Phc. [101 

















i -^D(a) 




















. ■ — ^" xo(y), Wo(x) 
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x-,(b), e,(x)^. . 
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CS 
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Possible experimental values x 



Phc. 10: IlocTpoeHHe ^oBepHTejibHoro HHTepBajia. 
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B SKcnepHMeHTe mm HSMepaeM cjiyHattHyio BejiHHHHy X h nojiynaeM 
KaKoe-TO KOHKpeTHoe SHaneHHe xq. 

HHTepsaji /lOBepHH /ijih napaMeTpa 9 sto Ha6op Bcex SHaHeHHii 9 fljia 
KOTopbix cooTBeTCTByiomaa jihhhh cerMCHTa nepeceKaeTCH c BepTHKajibHoii 
jiHHHeii (cm. Phc. [TU|) . TaKHe HHTepBajiw flOBepna iiMeroT ypoBenb flocTo- 
BepHOCTH 1 — a. Hhbimh cjioBaMH, cnpaBefljiHBO paBencTBO 

1 - a = P{xi{e) <X < X2{e)) = P{92{X) <9 < 9i{X)), (109) 

me 

92{X) = max0Xi{O,xo), 

9i{X) = mineX2{9,xo). (110) 

B 3TOM BepOHTHOCTHOM yTBepJK/ieHHH rpaHHii,bi HHTepBajia Oi{X) H 92{X) 
HBJiHK)Tca cjiyHaftHbiMH BejiHHHHaMH, B TO BpeMS KaK HeHSBecTHbiH napa- 
MBTp 9 ecTb HBHSBecTHaH KOHCTaHTa. 3to osHanaeT, hto ecjin SKcnepHMeHT 
noBTopHTb MHoro pa3, TO HHTepBajibi [01, ^2], nojiynaeMbie b KajK/ioM hsmg- 

peHHH, 6y/];yT paSJIHHHblMH, ho /1,0JIH HHTepBajIOB, nOKpbIBaiOIII,HX HCTHHHOe 

SHaneHHe napaMeTpa 9, 6y;];eT paBna SHaneHHK) 1 — a. 

Ho/iHepKHeM, HTO ycjioBHe (llOSp ne onpe^ejiHeT oflHosnaHHO napaMeTpbi 
xi, X2- CymecTByeT 6ecKOHeHHo mhofo aHaneHHH (xi,X2), yflOBjieTBopaio- 
miix ycjioBHRD (jlOSp . 

3.2 HopMajibHoe pacnpe^ejieHHe 

PaccMOTpHM B KanecTBe npHMepa HopMajibHoe pacnpeflejienne 

1 (^-m)^ 



N{x\fj,,a'^) ~ — e 



2o- 



27ro- 



CymecTByeT MHoro cnoco6oB Bbi6opa HHTepBajioB napaMeTpoB xi h 0:2 b 
4)opMyjie (|108p . 

riepeHHCjiHM HanGojiee ecTecTBennbie cnoco6bi. 

1. X2{9) = 00. 3tot Bbi6op cooTBeTCTByeT TaK nasbiBaeMOMy BepxneMy 
npeflejiy. 

2. xi{9) = — cxD. 3tot Bbi6op cooTBeTCTByeT HHJKneMy npe^ejiy. 

3. —X2{9) < X — fl < X2{9). 3tOT Bbl5op COOTBeTCTByeT CHMMeTpHHHOMy 

HHTepBajiy. 
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Ta6jiHii,a 4: CooTBeTCTBHe ^jih o^HOCTopoHHero npe^ejia ueyKpy sepoHTHO- 

CTHMH Q H SHaHHMOCTHMHS. 



a 


s 


a 


s 


0.1587 


la 


0.1 


1.28(7 


2.275 • 10-2 


2a 


0.05 


1.640- 


1.35 • 10-3 


2>a 


0.025 


1.96(T 


3.15 • 10-5 


4o- 


0.005 


2.58CT 


2.87-10-^ 


ba 


0.0005 


3.29(7 


1.00 • 10-^ 


6C7 


0.5 • 10-^ 


3.89(7 



SaMeTHM, HTO HacTO HcnojibsyeTCH HHTepBaji [xi{6) ^ X2{0)] TaKoii, hto 
njioTHOCTb pacnpe/],ejieHHH P{x\9) 6ojibme hjih pasna hjiothocth pacnpe^e- 
jieHHH BHe HHTepeajia [xi{9),X2{0)\ [ITj |I|. B cjiynae pacnpe/iejieHHH Faycca 
3TO onpe/iejieHHe coBna/],aeT c npe/],biflyiii;HM CHMMeTpHHHbiM onpeflejieHHeM. 
B o6iii,eM cjiynae, nanpHMep pacnpe;],ejieHHe IlyaccoHa, CHMMeTpHHHoe onpe- 
flejieHHe h onpeflejieHHe, ocHOBaHHoe na Bbi6ope iiHTepBajia c MaKCHMajibHoii 
njioTHOCTbK), He coBnaflaioT. 

IIpe/inojioJKHM, HTO Mbi 3HaeM /iHcnepcHK) a"^ HopiviajibHoro HSMepenna 
H xoTHM onpe/];ejiHTb orpaHHHeHHS na napaMeTp // HopMajibHoro pacnpe/i,e- 
jieHHH. B cjiynae, Kor/i,a mm xothm naiiTH BepxHHii npe^eji na napaMeTp ^ 
paBencTBO (I109p sanncbiBaeTCH b bh^b 



1 



a 



P(-00 < X <X2) 



1 



rx2 _ (x-ii)^ 

. e 2<t2 (fx 

yl'Ka J-oo 



1 



^2-M 



e 2 dy 
27r ./-oo 



iV(x 


/^ 


, (7 )dx = 






= 1 


- 


1 f'^ 


e 


2 dy. 
(Ill 



Bbo^hm CTaH/iapTHoe nonaTHe o/iHOCTopoHHeft snaHHMOCTH KaK 

1 



a 



'dy. 



(112) 



SaMeTHM, HTO o6biHHO HcnojibsyeMoe npn ycTanoBjienHH npeflejioB b (]3H3HKe 
BbicoKHX SHeprHH a = 0.05 cooTBCTCTByeT SHaneHHio s = 1.64. B Ta6. UfljiH 
pHfla SHaHeHHH BepoHTHOCTH a npHBe/ieHbi cooTBeTCTByioii;He hm SHaneHHii 

SHaHHMOCTH S. 

Hs ypaBHeHHH (lllip nojiynaeM ypaBHeHHe 



^HpH TaKOM Bbi6ope cnpaBefljiHBO paBeHCTBO P{xi\xi{d)) = P{x2\x2{6)). 
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^^-^ = s{a) (113) 

a 

fljia Haxo»c/i,eHHa napaMeTpa /x, peineHHe KOToporo ecTb /x„p = X2 + as{a), 
nosBOjiHiomee onpeflejiHTb BepxHHH npejj^eji na napaMeTp fi 

fJ- < fJ-up = X2 + crs{a) (114) 

Ha ypoBHe 1 — a flocTOBepnocTH. 

B cjiynae, Kor^a mbi xothm naitTH hhjkhhh npe^eji Ha napaMeTp /x, ypaB- 
HeHHe (|111|) saHHHieTca b Bnp^e 

roo 

1 - a = P{xi < X < oo) = / N{x\fi, a'^)dx = 

x-i —fl 
1 /"^ _!/" , . 1 " 



1 


Jxi 




V2^a . 





dx = , — / e 2 dy = 1 r= / e '^ dy. 

(115) 

(jTciofla nojiynaeM ypaBHenne = s[a) fljia onpe/i,ejieHHH HHJKHero 

a 
npe^ejia fHow = xi — as{a). TaKHM o6pa30M, /u > Hiow 

B cjiynae, Kor/];a mbi HmeM ii;eHTpajibHbiH HHTepBaji, KOTopbift onpe^ejia- 

eTCH H3 ycjioBHH paBBHCTBa a HHJKHero H Bepxnero npe^ejioB, to ecTb o/iho- 

BpeMeHHoro BbinojiHeHHH paBencTB (jllll) h (IllSp . mbi naxo^iiM (cm. Pncllip. 

HTO C BepOHTHOCTbK) 1 — 2q 

— as{a) < /i — xi < (Ts(a). (US) 

B CHjiy CHMMBTpHH HopMajibHoro pacnpe^ejieHHH OTHOCHTejibHO OTpa- 
jKeHHH (/i — x) — )• — (^ — x) BepxHee h HHJKHee aHanenHH no Mo^yjiro (fi — xi) 
coBna/iaioT, to ecTb \xi — fj.\ < as{a). 

SaMBTHM, HTO TpH BbimenepeHHCjieHHbix cnoco6a onpe/i,ejieHHH flOBepn- 
TejibHbix HHTepBajiOB napaMeTpa jj, OTnio;];b ne eflnncTBennbi. HanpnMep, mm 
MOJKeM Tpe6oBaTb cnpaBeflJiHBOCTb ypaBnenna (jlOSp na ypoBne (1 — ai), 
ypaBnenHH (jllip na ypoBHe (1 — 02) (cm. PHc ll2p . Tor/],a o6o6ni,enHe chm- 
MeTpHHHoro orpanHHenna (|116p npHMeT bh;; —(75(02) < M — xi < as{ai). 

HanoMHHM, HTo B MBTOfle MaKCHMajibHoro npaBflonoflo6HH 4)yHKn;H5i npaB- 
flonofloGna saBHCHT ot Ha6opa A^ nesaBHCHMbix HSMepeHHH x = (xi, X2, . . . , xtv) 

N 



Lie) = Y[f{xi\e), (117) 
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Gauss (normal) distribution 
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Phc. 11: Ha pncyHKe noKasan CHMMeTpHHHbiii flOBepHTejibHbiii HHTepBaji. 
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Phc. 12: Ha pncyHKe noKasan acHMMeTpHHHbiii flOBepHTejibHbiH HHTepBaji. 
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rfle f(xi\6) njioTHocTb BepoHTHocTH HSMepeHHH cjiynaHHOH Ha6jiK)/i,aeMOH 
X. 

HapaMeTpbi 9 4)yHKu;HH pacnpeflejieHHa Haxo^JiTca h3 ycjioBHa MaKCH- 
MyMa 4)yHKu;HH npaB/i,onoflo6HH 

Oi];eHKH Ha napaivieTpbi 9 naxoflHTCH h3 ycjioBHH 

2[lnL{e^ax) - lnL{9)] < s^ (118) 

rjie s-3HaHHMOCTb. OaKTHHecKH onpeflejieHiie (jllSp BbiGpano TaK, HTo6bi 
oii;eHKa na napaMeTpbi c noMombio MeTO/ia MaKciiiviajibHoro npaBflono/];o6Ha 
H HacTOTHbiii noflxo/i; coBna^ajiii 5bi fljiH cjiynaa HopMajibHoro pacnpe/iejie- 
HHH. ^eiicTBHTejibHO, /i,jia cjiynaa HopMajibHoro pacnpeflejieHHH c HSBecTHoii 
flHcnepcHeft a^ m c HensBecTHbiM cpeflHHM /i ypaBHeHHe (jllSp npnivieT bh/i; 



{xi - ixf 



a 



2 



< s\ (119) 



PeineHHe ypaBHeHHH (IllOp 



— SO" < Xl — ^ < S(T (120) 

ecTb HHHTO HHoe, KaK Li,eHTpajibHbiH HHTepBaji (J116p B HacTOTHOM nop^of\e. B 
CHjiy HeTHOCTH HopMajibHoro pacnpe^ejieHHH sepoHTHOCTb jieBoro h npaBoro 
XBOCTOB coBna/iaioT. 

PaccMOTpHM sa/iany onpe/],ejieHHH napaivieTpa ^ b BaftecoBCKOM nop^op^e. 
IIpH 9TOM Mbi TaKJKe npe/];nojiaraeM, hto /iHcnepcHH o"^ HSBecTHa. IIjioTHOCTb 
pacnpe/i,ejieHHH BepoHTHOCTH b BattecoBCKOM no^xofle HMeeT Biifl 

P(M|xo,a) = P(/i)iV(xo|/i,a), (121) 

Tpe Pin) - HeHSBecTHbiii npnop. IIpH 3tom e/iHHCTBeHHoe ycjioBne na npnop 

P{H) 3TO yCJIOBHe HOpMHpOBKH 



/ P{n\xo,o-)dfi = 1. 



IIpH sa^aHHOM npHope P{fJ.) 4)opMyjia (I12ip cbo^ht sa/iany CTaTHCTHKH k 
sa/iane TeopHH BepoHTHOCTeii h mm mojkgm onpe^ejiHTb BepxHHe h HHJKHHe 
npe/],ejibi na napaMexp ^ hcxo^h h3 ypaBHeHHH 
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POO 

/ P{fi\xo,a)dfi = a, (122) 



fJ'Up 



P{fi\xo,a)dfj, = a. (123) 



KaK cjie/icTBHe ypaBHeHHH (|122|123|) nojiynaeM, hto /i,jih i^eHTpajibHoro hh- 
TepBajia cnpaBe;];jiHBo cooTHomeHHe 

N{xo\fi,a)dn = l-2a. (124) 

SaMeTHM, HTO /],JIH -P(/x) = COHSt 

1 _(M-a:o)^ 

P{lM\xo,a) = ^=^e 2-^ . 
V27r cr 

H, KaK cjieflCTBHe, fljia nocTOHHHoro npnopa mbi nojiynaeM tohho TaKHe »ce 
oii;eHKH, KaK h b nacTOTHOM noflxo/ie. 

HTaK, Ha npHMepe HopiviajibHoro pacnpeflejieHHH mbi npofleMOHCTpHpoBa- 
jiH TpH noflxofla K onpeflejieHHK) orpaHHHeHiift na napaMeTp fi. B nacTOTHOM 
noflxo/ie Mbi HMeeM flejio c HHTerpajiaMH ot hjiothocth BepoHTHOCTH, c noMO- 
mBK) KOTopbix nojiynaroTCH orpaHHHeHHa na napaMeTp fi. B MCTOfle MaKCH- 
MajiBHoro npaBflonoflo5HH orpaHHHeHHH BbiBOflaTCH c noMoiii,bio OTHomeHHa 

njIOTHOCTH BepOHTHOCTH HO OTHOmeHHIO K MaKCHMajIbHOH njIOTHOCTH BepO- 

HTHOCTH (4)opMyjia (jllSp ). B BattecoBCKOM noflxo/ie 4)opMyjia (|12ip cbo^ht 
sa/iany onpe^ejieHHH orpaHHHeHiiii na napaMeTp fi k sa^^ane TeopHH BepoHT- 
HOCTH, npHHeM fljia npnopa -P(/i) = 1. BaftecoBCKHii noflxo/; coBna/i,aeT c na- 
CTOTHbiM. CjiefljeT TaKJKe no/inepKHyTb, hto Bbi6op HHTepBajia ^i < jJi < 1^2 
HeoflHOSHaneH b nacTOTHOM h b BaiiecoBCKOM noflxoflax, Tor^a KaK b MeTo;];e 
MaKCHMajibHoro npaB/],ono/];o6HH Bbi6op HHTepBajia oflHOSHaneH ii oh coot- 

BeTCTByeT ynopHfloneHHKi ho — (6epyTCH tojibko tb 0, KOTopbie p^axtT 

"max 

MaKCHMyM 3Toro OTHomeHHH). Boo5n;e roBopa, pesyjibTaTbi BaftecoBCKoro 
HOflxo/ia MoryT chjibho OTjinnaTbCH ot nacTOTHoro, ho b cjiynae hoctohhho- 
ro HpHopa P(/u) = 1 o6a HOflxo/ia coBna/];aioT. 

3.3 Oii,eHKa napaivieTpa b pacnpe^ejienHH IlyaccoHa 

B 4)H3HKe BbicoKHX SHeppHH BaJKHyK) pojib HTpaeT pacHpeflejieHHe HyaccoHa. 
^eftcTBHTejibHO, Ha BAKe KOJinnecTBO co6biTHH c Toii hjih hhoh CHrHaTypoit 
(nanpHMep KOJinnecTBO ^hmioohhob, /^hajkbtob, . . . ) HBjiaeTCH cjiynaHHOH 
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BejiHHHHOH, pacnpeflejieHHott no saKony IlyaccoHa P{n\X), rj^e A = Lae [21j. 
SflecE. L-CBeTHMOCTb, cr-ceneHHe, e-scJxJ^eKTHBHOCTb perHCTpaii,HH. Hpe/ino- 
jiojKHM, HTO B BKcnepHMeHTe Mbi o6HapyjKHjiii n = Uobs co6biTHH. BcTaeT 
Bonpoc, KaK nojiyHHTb orpaHHHeHne Ha napaMeTp A h3 SKcnepnivieHTa? 

3.3.1 MacTOTHBiii no^xofl 

^jiH pacnpeflejieHHH HyaccoHa P(n|A) sa^ana onpe^ejieHHa HHTepBajioB ^o- 
Bepna [Xiow i ^up] cbo/ihtch k 3a/],aHaM onpe^ejieHHa Bepxnero orpaHHHeHiiH 
Xup H HHJKHero orpaHHHeHHH Xiow Saflana nojiynenHH Bepxnero orpaHHHe- 
HHH Ha HapaMeTp A < Xup na ypoBHe (1 — a) /locTOBepnocTH CBO^HTca k 
pemeHHK) nepaBencTBa 

P(n<no6,|A) = 5]P(n|A)>a. (125) 

n=0 

Hs HepaBeHCTBa (|1'25|) nojiynaeivi orpaHHHeHHe CBepxy A < A„p(nofes,a) na 
napaMeTp A na ypoBne (1 — a) /i,ocTOBepnocTH. B nacTnocTH npn riohs = 

Xup < In—. J\jisi CTan/iapTHO ncnojibsyeMon a = 0.05 A„p < 3.0. 
a 
Saflana »ce nojiynennH nnjKnero npe/iejia na napaMeTp A na ypoBne (1 — 

/3) flocTOBepnocTH corjiacno nacTOTHOMy no^xo^y cboahtch k nepaBencTBy 



oo 

E 



P{n\X) > f3. (126) 



Hs nepaBencTBa (jl26p nojiynaeM orpannnenne cnnay na napaMeTp A: A > 
A_(nofes,/3) naypoBHe (1— /3) /locTOBepnocTH. ^jiano^s = 1 nepaBencTBO (jl26p 

npHMeT BH/; Ajoiu > ^W:; ^ ^^^ ^pn /3 = 0.05 A > 0.05. 

Bepxnne h nnjKHne npe^ejibi Xiow h -^wp flJia n-oh^ = 0, 1,2, ...,10 npn 
a = P = 0.05 H a = /3 = 0.1 npHBe^enbi b Ta6. [TJ 

3.3.2 Mexofl HaH6ojitniero npaBflonoflo6H5i 

/],ji5i pacnpeflejieHHH IlyaccoHa 4)ynKn,nH MaKcnMajibnoro npaB;];onoflo5Ha 

L(A) = ^(A)"°^=e-^. (127) 



"-Ofej 



Pemenne ypaBnenHH 

d 



^^L(A) = (128) 
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ecTb A = Uobs- HepaBeHCTBO (jllSp b nameM cjiynae sannmeTCH b Bnp^e 

2lnL{\max = nobs) - 2lnL{X) < s^ (129) 

HJIH 

2[(A - Uobs) + Tiobsiln Uobs - InX)] < s^ . (130) 

PeineHHe nepaBencTBa (|130p npeflCTaBHMO b bh^b 

howinobs, s) <\< Xup{nobs, s). (131) 

Oco6o cjiepjeT paccMOTpeTt cjiyHaii Hobs = 0. B 3tom cjiynae h3 Repa- 
st 
BBHCTBa (|131|) nojiynaeM A < — . ^jih a = 0.05 cjiepyeT s = 1.64 (cm. Ta6- 

JIHII,aH]) H, COOTBeTCTBeHHO, A < — = 1.34. 

B Ta5. ^ npHBe;];eHbi SHaneKHH Xiow h ^up flJis nobs = 0, 1, 2, . . . , 10 h 
fl^jisi ypoBHeit /];ocTOBepHOCTH 1 — a = 0.95Hl — a = 0.9. 

SaMBTHM, HTO ypaBHeHHe (jl28p /];jih onpe/iejieHHa HHTepBajia flflBepnn 
B MBTOfle MaKCHMajibHoro npaBflono/];o5HH ^aeT tot jkb pesyjibTaT, hto h 
HacTOTHbiit noflxofl tojibko fljia cjiynaa HopMajiBHoro pacnpeflejieHHH. B o6- 
meM cjiynae pesyjibTaTbi MoryT cHjibHo oTjiHHaTbca. IlpoHjijiiocTpHpyeM 3to 
Ha npHMepe pacnpe^ejieHHa JIanjiaca 

P(x,a) = — e""!'^!, oo < x < oo, a > 0. (132) 

2a 

MeTOfl MaKCHMajibHoro npaB/];ono/],o5HH (ypaBHeniie (|129p ) npHBOflHT k 
HepaBeHCTBy 

2a|x| < s'^ia). (133) 

Tor/i,a KaK HacTOTHbiit no/i,xo/], npHBOflHT k nepaBencTBy 

e-'^l^l > a (134) 

H, COOTBeTCTBeHHO, — olxl > lua, a\x\ < In—. 

a 
HiicjieHHO cooTHomeHHH CHjibHO pasjiHHaroTCH. TaK, nanpHMep, npn |xo| = 

1 H s(q) = 3 (a = 2.7- 10~^) mcto/]; MaKCHiviajibHoro HpaB/];ono/],o6HH npiiBO- 

3 
/],HT K a < —, Tor^a KaK nacTOTHbiii noffKop^ ^aeT a < 5.9. 
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3.3.3 BafiecoBCKHH MeTO/i, 

KaK yjKe OTMenajiocb panee b cjiynae BaiiecoBCKoro noflxo/i,a aa^ana CTaTH- 
CTHKH CBOflHTCH K 3a/];aHe TeopHH BepoHTHOCTeft. ^JiH pacnpeflejieHHH Hyac- 
coHa 4)opMyjia Bafteca HivieeT bh/; 

P{XKbs) = PWPiriobslX), (135) 

rfle npHop P{X) yflOBjieTBopaeT ycjioBHio HopMHpoBKH 

oo 

P{X\nobs)dX = 1, (136) 



H 3a/],aHa onpe;],ejieHHa napaMeTpoB Xiow h A^p cbo/i,htch k pemeHHio ypaB- 

HeHHH 

/ "' P{X\nobs)dX = l-a-f3. (137) 

Bbi6op HHTepBajia {Xiow, Xup) ne e/];HHCTBeHHbiH. Ho anajiorHH c nacTOT- 
HbiM cjiynaeM ero mojkho Bbi6paTb, noTpe6oBaB, HTo6bi BepxHiie ii HHJKHHe 
npe^ejibi na A onpe^ejiajiHCb 6bi h3 ypaBHeHHii 

/ P{X\nobs)dX = a, (138) 

P{X\nobs)dX = /3. (139) 





B CHJiy TOJK^eCTB 



upj-, 



(140) 



/ P(n„fe,|A)(iA = ^P(n|A, 

/ P{nobs\X)dX= Y. Pi^l^iow)- (141) 

BepxHHH npefleji A^p b BattecoBCKOM no/ixofle coBna^aeT c nacTOTHbiM Bepx- 
HHM npe^ejioM npn P{X) = const, a hhjkhhh npe^eji Xiow coBna/i,aeT c na- 

COTlSt 

CTOTHbiM HHJKHHM npe/];ejioM npH P(A) = — - — . 

A 

HTaK, B BaiiecoBCKOM noflxo^e ypaBHenna (|137ll38|139p onpeflejiHioT flo- 

nycTHMyio o6jiacTb napaMexpa A 

Xiow <X<Xup (142) 
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Ha ypoBHe (1 — a — /3) flocTOBepnocTH. HepaBencTBO (jl42p b nacTOTHOM 
no/];xo/];e fljia npnopa vr(A) = const SKBHBajieHTHO HepaBencTBy 

nobs 

l-/3> ^P(n|A) >a. (143) 

n=0 
COTlSt ^-^^^ 

^jia npHopa 7r(A) = — - — HepaBencTBO (I142p SKBHBajieHTHO HepaBen- 
cTBy 

oo 

l-«> ^ P(n|A) >/3. (144) 

n=nobs 

JIpyrovL ecTecTBeHHbiH Bbi6op HHTepBajia [Xiow ) A^p] b HHTerpajie (|137p 

SaKJHOHaeTCH B HpHHH,HHe yHOpHflOHHBaHHH, a HMeHHO, TOHKH BOHieflHIHe B 

HHTepBaji [Xiow ) Xup] flojiJKHbi oSjiaj^SiTb 6ojibmeH njioTHocTbK) pacnpe^ejie- 

HHa HO CpaBHeHHK) C TOHKaMH He BOmeflniHMH B HHTepsajI [Xiow , Xup] ■ To 

ecTb, 

P{X G [Xiow,Xup]\n) > P(A ^ [Xiow,Xup]\n). 
KaK cjieflCTBHe CHpaBefljiHBO paBencTBO 

P{Xiow\n) = P{Xup\n). 

3.4 OLi,eHKa CHrnajia b pacnpe/],ejieHHH IlyaccoHa npn neny- 
jieBOM cJ)OHe 

OneHb HacTO npn noHCKe hobmx HBjieHHii napaMeTp A a pacHpe^ejienHH 
IlyaccoHa mojkho Hpe;],CTaBHTb KaK cyMMy ;i,Byx cjiaraeMbix 

A = A5 + A„ (145) 

rfle Aft = LebTb npe;];cTaBjiaeT co6oh BKjia/i; ot 4)OHa h npeflnojiaraeTca b 
flaHHOM no/ipasflejie tohho HSBecTHbiM, a Ag = La"^ e^-BKjia/i; ot CHrnajia. 
Saflana coctoht b tom, HTo6bi OH,eHHTb BKjiafl CHrnajia, to ecTb HOjiyHHTb 
orpaHHHeHHe na napaivieTp A^. 3Ta sa^ana onenb noxojKa na paccMaTpHsa- 
eMyio b npeflbiflymeM no/];pa3/i,ejie sa/iany o6 oii;eHKe napaivieTpa A hcxo/],h 
H3 Ha6jiio/];aeMoro anaHeHHH riobs CHrnajibHbix co6biTHH. Pa3HHu;a saKjirona- 

eTCH B TOM, HTO B CHJiy COOTHOmeHHH (|145P H HepaBeHCTB Aft > 0, As > 

orpaHHHeHHe na napaMeTp A HMeeT bh/i, A > Aft. 

3.4.1 MacTOTHbiH no/i,xofl 

IIpoSjieMM c onpe^ejieHHeM HHxepBajiOB b cjiynae orpaHHHeHHH 
Ha napaMexpbi pacnpeflejieHHH. HpoGjieMbi BosHHxaioT, Kor/],a b pac- 
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npeflejieHHH P{x,6) na napaMeTpbi pacnpe/iejieHHH 6 najiaraioTCH flonojiHH- 
TejiBHbie ycjioBHH, cjie^^yromne h3 4)H3HHecKHX coo6pa>KeHHH. 
PaccMOTpHM npHMep [22j HopMajibHoro pacnpeflejieniiH 

N{x\iJ, a = l) = -l=e-^^, (146) 

x/ Ztt 



npHHeM napaMBTp fj, MOJKeT npHHHiviaTb tojibko HeoTpHii,aTejiE.HMe SHaneHHii 
// > (nanpHMep, ^ - Macca HacTHii;bi). Ecjih mm HsiviepHjiH x = —1.8, to 
corjiacHO HaHBHoii npou^ejjjpe HSBjieneHHa napaMeTpa // na ypoBHe la mm 
nojiynaeM n = —1.8 it 1, hto naxo/iHTca b npoTHBopeHHH c Tpe6oBaHHeM 
HeoTpHii,aTejibHOCTH napaMeTpa ^. IIpHHi^Hn MaKCHMajibHoro npabflonoflo- 
6hh c yneTOM orpaHiiHeHHH /x > npHBO/],HT k nanGojiee BepoaTHOMy snane- 
HHio /i,jiH napaMeTpa /i paBHOMy 

A^best = I Q ^ ^ Q = max{0, xo). (147) 

BcTaeT TaKJKe Bonpoc o nocTpoennn ^onycTHMoro nnTepBajia na napa- 
MeTp 11. B pa6oTe |22| 6bijio npe/];jio»ceno pemeHne 3toh npo6jieMbi na ocho- 
Be HcnojibBOBanna ynopaflOHHBaHHH c noMombro (|)yHKLi;HH MaKCHMajibnoro 
npaBflono/i,o6HH, KOTopaa b nameM cjiynae HMeeT bh/i, 



N{x\n,a = 1) 
N{x\nbest,cr = 1) 


f (=:-m)2 




J e \ , 

1 e^'^-'^, 


X > 

x<0 



B MBTOfle MaKCHMajibHoro npaBflonofloGna npn xq < HepaBencTBO ()118p 
npHMeT BH/i; 

(xo - //)2 -xl<s^ (149) 

HJIH 



< ^ < Xo + y s2 + xg. (150) 

B cjiynae Xo > nepaBencTBO (jllSp nMeeT CTan/iapTHMH bh^ 

(/i-xo)2<s2. (151) 

C yneTOM flonojiHHTejibHoro ycjioBHH ^ > pemenne nepaBencTBa (|15ip 
ecTb 

max{0, —s + Xo) < /^ < xo + s. (152) 
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CorjiacHO npHHi^nny ynopaflOHHBaHHH |22) 4>yHKii,HH R{p,\x) onpe/iejiHeT 
nopa^OK ;i;o6aBjieHHH ToneK x b flonycTHMyio o5jiacTb npn KajKflOM koh- 

KpeTHOM fj,. A HMeHHO, flo6aBJIHIOTCH TOHKH X C MaKCHMajIbHbIM SHaHeHHeM 

L{fi\x). Bojiee KOHKpeTHO 3to OBHanaeT, hto fljiH safl^auuoro SHaneHHH fi na- 

XOflHTCa HHTepBajI [xi,X2] TaKOH, HTO 



R{lJ,\xi) = R{fj.\x2) 



rX2 
I N{x\^,a = l)dx = 1 — a. 



(153) 



^ajiee HcnojibsyeTca CTaHflapTHaa npoii;e/];ypa HeiiMaHa fljia onpe/iejie- 
HHH /lonycTHMoro HHTepBajia na SHaneHHH napaMeTpoB [^i, ;U2] (cm. Phc[T3]). 




Phc. 13: HocTpoeHHe ^OBepHTejibHoro Kopnflopa h ero HcnojibsoBaHHe. 

/Ijia HSMepeHHoro SHaneHHa xq napaMeTpbi /xi, /i2, onpe^ejiHiomHe koh- 
ii,bi HHTepBajia [^i,//2], cooTBeTCTByioT ypaBHeHHio (|153p . Kor/];a Xi(rc2) 6e- 
peTCH paBHbIM ^2{p-i)- 

B Ta6jiHn,ax (Ta6. I5I6I7I [22]) npHBe;];eHbi KOHKpeTHbie 3HaHeHHH napa- 

MeTpOB /Xl, ;U2 B SaBHCHMOCTH OT HSMepeHHOrO SHaneHMH Hobs H ojKH/iaeMoro 

4)OHa Afo flJiH pacnpe/iejieHHa HyaccoHa. 
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Ta6jiHLi,a 5: 3HaHeHHH BepxHHX ij,2 h hhjkhhx ni npe/],ejioB b MeTO/i,e 
<l)ejib/],MaHa-Ky3HHca p^jin Uobs ^ 10 h a = 0.05, a = 0.1. OjKHflaeMbifl 
4)OH Ab = 0. 



nobs 


l-a = 0.9 


^2 


^1 
1 - a = 0.95 


f^2 





0.0 


2.44 


0.0 


3.09 


1 


0.11 


4.36 


0.05 


5.14 


2 


0.53 


5.91 


0.36 


6.72 


3 


1.10 


7.42 


0.82 


8.25 


4 


1.47 


8.60 


1.37 


9.76 


5 


1.84 


9.99 


1.84 


11.26 


6 


2.21 


11.47 


2.21 


12.75 


7 


3.56 


12.53 


2.58 


13.81 


8 


3.96 


13.99 


2.94 


15.29 


9 


4.36 


15.30 


4.36 


16.77 


10 


5.50 


16.50 


4.75 


17.82 



Ta5jiHii,a 6: SnaHeHHii BepxHHX ^2 h hhjkhhx ni npe/],ejioB b MeTo^e 
(Pejib/],MaHa-Ky3HHca j\jisi Uobs < 10 h a = 0.05, a = 0.1. OjKHflaeMbiii 

4)OH Xb = 1. 



nobs 


1-Q = 0.9 


^2 


1 - a = 0.95 


/^2 





0.0 


1.61 


0.0 


2.33 


1 


0.0 


3.36 


0.00 


4.14 


2 


0.0 


4.91 


0.00 


5.72 


3 


0.10 


6.42 


0.00 


7.25 


4 


0.74 


7.60 


0.37 


8.76 


5 


1.25 


8.99 


0.97 


10.26 


6 


1.61 


10.47 


1.61 


11.75 


7 


2.56 


11.53 


1.97 


12.81 


8 


2.96 


12.99 


2.33 


14.29 


9 


3.36 


14.30 


3.36 


15.77 


10 


4.50 


15.50 


3.75 


16.82 
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Ta6jiHii,a 7: SnaHeHHa BepxHHX fi2 h hhjkhhx //i npe/],ejioB b MeTO/ie 
(PejibflMaHa-KysHHca fljia nobs < 10 h a = 0.05, a = 0.1. 0»CH/];aeMbiH 
4)OH Afo = 3. 



"-ofes 


l-a = 0.9 


^2 


\-a = 0.95 


/^2 





0.0 


1.08 


0.0 


1.63 


1 


0.0 


1.88 


0.0 


2.63 


2 


0.0 


3.04 


0.0 


3.84 


3 


0.0 


4.42 


0.0 


5.25 


4 


0.0 


5.60 


0.0 


6.76 


5 


0.0 


6.99 


0.0 


8.26 


6 


0.15 


8.47 


0.0 


9.75 


7 


0.89 


9.53 


0.29 


10.81 


8 


1.51 


10.99 


0.98 


12.29 


9 


1.88 


12.30 


1.62 


13.77 


10 


2.63 


13.50 


2.25 


14.82 



SaMeTHM, HTO B paMKax BaiiecoBCKoro no^xo^a sa^ana coctoht b Bbi6ope 
npHopa P(//) TaKoro, hto -P(/i) = npn /i < 0. B nacTHOCTH, BMecTO npnopa 
P(/i) = 1, HacTO HcnojibsyeMoro /iJia HopMajibHoro pacnpeflejieHHH, Korfla 
napaMexp \x MOJKeT npHHHMaTb npoHSBOJibHbie SHaneHHa, mojkho iicnojibso- 
BaTb npHop const-6{fj,) aBTOMaTHHecKH yHHTbiBaiomnH HeoTpHii,aTejibHOCTb 
napaMexpa /x |f|. Hpn HcnojibsoBaHHH npnopa p{fi) = const • 9{fj,) hhjkhhh 
npe^eji na napaMeTp /x onpe^ejiHeTca c noMombio cooTHomeHHH 



e-W-'^o?d^i 



■W 



< 1 



a. 



dy 



(154) 



XO 



SaMeTHM, HTO B KjiaccHHecKOM HacTOTHOM no/ixofle B (JjopMyjiax (|154p 
SHaMenaTejib npe/i,nojiaraeTCH paBHbiM 1. "BojieBbiM o6pa30M" no^ejiHB npe- 
flejibi Ha BepoHTHOCTb BbiHa/];eHHH xq , mm nojiyHHM cJjopMyjiy (|154p |j. 



OopMyjia H154p no cyTH flejia ecTb anajior cooTBeTCTByMmeii (JjopMyjibi, HcnojibsyeMoii 
fljia pacnpeflejieHHa IlyaccoHa (cjsopMyjia O. Helene [23|). 

Hs ycjiOBHa HopMHpoBKH P(/i|xo) = ^(/i) ' coust ■ e 2 ^ J P{iJ,\xo)dfj, = 1, cjie- 

flyeT, HTO const = ^ ■ 3flecb 9{^) = ■; ' 



1 

/2n 



i: 



'dy 



M >o 
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Saflana onpeflejieHHH BepxHero npe^ejia na napaMeip n cbo/];htch k peineHHio 
HepaBeHCTBa 

g-5(/.-xo) ^^ 

B cjiynae pacnpe^ejieHHe HyaccoHa P{n\Xb + Ag) c HenyjieBbiM hsbbct- 
HbiM 4)OHOM Ab (J)yHKii;Ha npaB;];ono;];o6Ha MaKCHMajibna npii Xg^best = max{0, n- 

\b). 

B noflxo^e OejibflMana-KysHHca Bbi6op nH/];HBHflyajiBHbix cjiaraeMtix b 
cyMMe 

^ P(n|Ab + A,) (156) 

n=n_ 

ocymecTBjiaeTca corjiacHO npHHu;Hny ynopHflOHHBaHHH no cjayHKi^HH 
^^ P(n|Afe + A,) 

P(n|A6 + As,6est)' 

TO ecTb flonycTHMbie Hjienbi b cyiviMe (jl56p BbiSnparoTca MaKCHiviajibHO 6ojib- 

miiMii. 

^ „ P(n|Ab + A,) 

cpyHKii,HH /t = — - — j HcnojibsyeTca p^jisi ynopa/];oHHBaHHa 

P{n\\b + \s,hest) 

SHaHeHHH n. ^ajiee CTpoHTca HHTepBaji flOBepna TaKoii, hto P{Xs G [Ai, A2]) > 
1 — a. 3to ocyii];ecTBjiHeTCH c noMombio KOHCTpyKu;HH HeHMana, a HMeHHO, 
CTpoHTca cyMMa 
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n=ni 



P(n|Ab + A,) > 1-a. (157) 



B cyMMe (jl57p cjiaraeMbie no^GnpaiOTca c noMombio ynopa/];oHHBaHHa no Be- 
jiHHHHe R. B HTore mm mvieeivi nojiocy HenMana ni(As), n2{Xs) (cm. Pnc llSp . 
^ajiee cTanflapTHbiM o6pa30M naxo/iHTca A^;^^ h As^^ TaKne, hto HHTepBaji 
flOBepna HMeeT bh^ As,„„ < A^ < Xs^^. 

SaMeTHM, HTO B HacTOTHOM noflxofle npn nsBjieHeHnn Bepxnero npe^ejia 
na cnrnaji s h3 pacnpeflejiennH HyaccoHa P{n\Xb + Xs) nn = Hobs Ha ypoBne 
(1 — a) flocTOBepnocTH nncjia na6jiio/];eHHbix coGmthh orpannHenne na Ag 
nojiynaeTCH ns HepaBencTBa 

^obs 

Pin < nobs\Xb + Xs) = Y. ^("I^b + ^^) > «• (158) 

n=0 
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B MOflH4)HLi,HpoBaHHOM HacTOTHOM no/];xofle (CLg no/i,xo/],e) ypaBHeHHe ()158p 

SaMCHHeTCH Ha 

Pjn < nobs\Xb + >^s) ^ ,T.„^ 

HTO cooTBeTCTByeT B BaitecoBCKOM noflxofle saMene 4)yHKi];HH npnopa 9{X) — )• 
const • 9{X — Af,). 

3.4.2 BafiecoBCKHH no^xofl 

B BaftecoBCKOM noflxo/ie tot cJ^aKT, hto A > A;, mojkho ynecTb caivibiM npo- 
CTbiM cnoco5oM, a HMeHHo, -P(A) — )■ 0(A — Ab)P(A). 

BBe^eHHe /lOnOJIHHTejIbHOH 4)yHKLI,HH 6{X — Xb) HSMeHHT yCJIOBHH HOpMH- 

poBKH. B ocTajiBHOM JKB HOJiyHeHHe orpaHHHeHHH Ha napaMBTp A hjih A^ a6- 
cojiioTHO TaKoe JKe, KaK h npe/];biflym;eM no^pasflejie. BosbMeM nocTOHHHbiii 
npHop, fljia KOToporo, KaK 6biJio HOKasano, BepxHiiii BaftecoBCKHii npe/],eji 
coBna/i;aeT c nacTOTHbiM BepxHHM npe/iejioM Gjiaro^apa paBencTBy ()98p . C 
yneTOM MO/iHcJjHKai^HH P{X) — )• 0(A — Xb)P{X) ypaBHeHHe ^Jia OHpe;];ejieHHH 
BepxHero npe/];ejia flJiH npnopa '7r(A) = const ■ 9{X — Xb) saHHUieTca b Bnpid 



fx°° P(nobs\X)dX 

■'^^ ^ ' ' >a (160) 



HJIH 



A7PK,,|A)dA 

IZr,-X,=XsP(^obs\Xb + K)dK 



> a. (161) 



/,7P(no,.|A)dA 
B CHjiy TOJK/iecTB (I98|99p orpaHHHeHHe (I16ip mojkho HepenncaTb b BH/ie 



En=O^Kfes|Ab + A, 



> a. (162) 



E„L^o^K;,s|Afe) 

^JIH Uobs = HepaBeHCTBO HpHMeT BH/I, 

TO ecTb As < /n— . Bes SHaMenaTejia OTjiHHHoro ot eflHHHH;bi b d^opuy- 
a 

jie (I162p Mbi HMejiH 6bi nepaBencTBO A;, + As < Zn— . 

a 
AnajiorHHHoe nepaBencTBO mojkho HOJiyHHTb h fljiH HHJKHero npe^ejia. 

^jiH onpe/iejieHHa HH>KHero npe^ejia fljia npnopa — - — nepaBencTBO fljia 
onpe/iejieHHH HHJKHero npe^ejia npHMeT BHfl 
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/^^;+^-PKfa,-i|A)dA 



J^P{nots-l\X)d\ 



> /?. (163) 



J^jiR Uobs = 1 nojiynaeM -^ = /3, 1 — e " = (3, Xs 



In jz^^ 13. 

IIpH /3 = 0.05 orpaHHHeHHe HJVieeT bh/i, A^ > 0.05. 

3.4.3 OLi,eHKa napaMeTpoB b MeTO^e HaHMeHtmHx KBaflpaxoB 

HacTo HcnojibsyroT mbto^ HaHMeHtniHx KBa^paTos, ocHOBaHHbiii na mhhh- 

MH3aii;HH KBaflpaTHHHOii 4)OpMbI. PaCCMOTpHM Bbl6opKy y = (yi, 2/2) • • • i Un) 

Ha6jiiofleHHH npH HsiviepeHHH cjiyHattHoft BejiHHHHbi Y. HycTb MaTeiviaTH- 
HecKoe ojKH/i,aHHe b KayK/jpu HSMepeHHH ecTt. E(Yi,6), a MaTpni^a BTopbix 
MOMeHTOB cooTBeTCTByioiii,Hx pacnpe/^ejieHHH ecTb [V]. 3/;ecb 9 HensBecT- 
Hbie napaMBTpbi, a Vij{9) HSBecTHbie 4)yHKii;HH ot 6. B MeTO/i,e HaHMeHbinnx 

KBa^paTOB oii;eHKaMH napaMeTpoB 9 cjiyjKaT TaKHe SHanenHH 9, KOTopbie 

o6pamaK)T B MHHHMyM KBa^paTHHHyio 4)opMy 

N N 

Q' = T.T.iyi- E{Y,,9mV]-%[y, - E{Yj,9)] = 
i=i j=i 

[y-E{y,9)f[V]-'[y-E{y,9)]. (164) 

B cjiynae OTcyTCTBHH KoppejiHu;HH KOBapnaHTHaa MaTpHii;a Va = erf {9) p^ma- 
roHajibHa h BbipaJKeHHe (jl64p k HSBecTHott cyiviivie KBa^paTOB 

Q' = T.''i'(^)iy-EiY,,9)f. 

B cjiynae HopMajibHoro A^-Mepnoro pacnpe^ejieHHa ueTOfl, MaKCHMajib- 
Horo npaB/];ono/],o6HH h MeTO/; HaHMeHbinnx KsaflpaTOB coBnaflaioT. 

MeTO/i, HaHMeHbniHX KBaflpaTOB nacTO HcnojibsyeTca npn cJjHTiipoBaHHH 
rncTorpaMM. A HMenno, npn Bbi6ope 6hhob b KOTopbix flocTaTOHHO 6ojib- 
moe KOJiHHecTBO coGmthh, TaK hto npnGjiHJKeHiie HopMajibHoro pacnpe/iejie- 
HHH onpaB/iaHO h b npHGjiHJKeniiH OTcyTCTByeT KoppejismiiH MejKfly GnnaMH, 

Heo5xO/],HMO MHHHMHSHpOBaTb BejIHHHHy 

3to ecTb He hto hhob KaK o6biHHbiH x'^-MBTOfl, npHMeHHeMbiii fljia 4)HTa 

THCTOrpaMM. 
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^Jia npaKTHHeCKHX npHJIO»CeHHH BMBCTO MHHHMHSai^HH BejIHHIIHbl (|165p 

6ojiee y/];o6Ho MHHHMHSHpoBaTb BejiHHHHy 

riocKOjiBKy E[yi) = Xi{9), MOflH4)Hii,HpoBaHHoe BbipajKeHHe (jl66p HBjiaeTCH 
paayMHBiM npH6jiHJKeHHeM npn MHHHMii3aii,HH (|164p . 

MoJKHO TaK JKe B MBTOfle MaKCHiviajibHoro npaBflonofloGnH MaKCHMHSH- 

poBaTb HenocpeflCTBeHHO 

N N 



lnL = J2 N^lnXi{e) - ^ \i{e). 
B npnGjiHJKeHHH In L ^ TJ Niln\i{6) (^ Aj(0) = const) sa^ana cbo/],htch 

i=l 

N 

K 6ojiee npocTOH 3a/];aHe MaKCHMH3ai:;HH y^ NjlnXjiO). 

i=l 

3.4.4 HHTepBaji floeepHH b cjiynae necKOJiSKHx napaivieTpoB 

IlycTb cymecTByeT oi^eHKa 6 napaMexpoB 9 h 3Ta oii,eHKa pacnpe/i,ejieHa no 
HopMajibHOMy MHoroMepHOMy saKony co cpeflHHM 6 h MaTpHLi,eH BTopbix 
MOMeHTOB \V]. B 3TOM cjiyHae 

f(e\e) = 1 _^-W-env\-HS-9)_ (137) 



(2^: 



,^(det[V])^ 



KoBapnaHTHaH 4)opMa Q{9, 9) = {9—9)\y] ^{9—9) HMeex x^(A^)-pacnpe/];ejieHHe 

(cM.paBjeji I1.7.6]) . 3to osHanaeT b nacTHocTH, hto pacnpeflejieHHe Q{9,9) 
He saBHCHT OT 9 a mojkho HanncaTb BepoHTHOCTHoe yTBep:ac;],eHHe 

P{Q{l9)<Kl) = l3, (168) 

rjie ^-BepoaTHOCTb Toro, hto oii,eHKa napaMexpa 5yfleT HaxoflHTbca b o6jia- 
CTH flOBepHH, onpeflejiHeMOH tohkoh Ka ji^jir x^(A^)-pacnpeflejieHHH. 

05jiacTb B npocTpancTBe 0, saflaBaeiviaH ypaBHenneM Q{9,9) = K'i, hmb- 
eT Buji rnnepsjijinncoHfla, noBepxHOCTb KOToporo cooTBeTCTByeT nocTOHHHO- 
My SHaneHHio hjiothocth BepoHTHOCTH fljiH 4)yHKii,HH (I167p . 

B flByMepHOM cjiynae MaTpHii;a [V] 3to 
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[v]= ^1 ^T' . 

y pO-iO-2 cr| J 

3jijiHnc coflepjKHT napaMeTpbi, o/iHOBpeMeHHo y/i,oBjieTBopHK)ii;He HepaneH- 
cTBy (fTUgj) . 

OLi,eHKa MeTOflOM MaKCHMajibHoro npaBflono/i,o5HH b cjiynae hbckojib- 

KHX napaMeTpoB 06o6meHHe o^HOMepHoro nepaBencTBa (jl29p HMeeT bh^ 

2[ln L{en,a.) - In 0)] < x}{k). 

- -^ T (9) 
KaK noKasano (nanpHMep, [20] ) . 4)yHKii,HH —2ln l{9), rji^e l{9) = — , 

pacnpe/];ejieHa acHMnTOTHHecKH KaK x^(^)- 3to npHBO^HT k nepaBencTBy 

f3 = P[-2lnm<x}ik)], 
KOTopoe onpeflejiaeT HHTepBaji flOBepHH ^jih napaMeTpoB 9. 

3.4.5 AcHMHTOTHHeCKaH HOpMajIBHOCTB OLl,eHKH MaKCHMajIBHOrO 

npaBflonofloSHH 

Oi^eHKa napaMeTpa pacnpe/i,ejieHHH 9 no MeTo/iy MaKCHMajibHoro npaBflono- 

flflGnsi acHMHTOTHHecKH pacnpe^ejieHa KaK N{9, -rry), r^e / - HH45opMaii,H}i o 

napaMBTpe 9 b o/ihom HsiviepeHHH, a A^-hhcjio HSMepeHHii [6]. OTCKifla cjie^y- 

A, 
eT, HTO HHTepBaji /];oBepHH j^jin 9 HMeeT acHMnTOTHHecKHii bh^ 9 it ^ ■. , 

^ ^ 

rjie A I ecTb — TOHKa CTaH^apTHoro HopMajibHoro pacnpeflejieniiH. 

2 2 

Bojiee TOHHaa oii;eHKa nojiynaeTCH h3 Toro cbaKTa, hto —-InL pacnpe- 

o9 
pisjieuo CO cpe^HHM SHaneHHeM paBHbiM nyjiro h BapHaii,HeH NI(9). Pacnpe- 

1 d , 
flejieHHe :— -/n /v HBjiaeTCH aciiMnTOTHHecKH HopiviajibHbiM pacnpe- 

flejieHHeM. ^OBepHTejibHbift HHTepBaji onpeflejiaeTCH nepaBencTBOM 
— ^=^==— -m L < A/3. 

3.5 0>KH/],aeMi>ie npe/],ejibi 

B ycjioBHHX 6yflymero 9KcnepHMeHTa mm He snaeM KOJinnecTBO co6biTHH 
n B pacHpe/;ejieHHH IlyaccoHa P(n|A). KaK npaBHjio mm snaeM (c KaKoit- 
To TOHHOCTbK)) HapaMeTp X = Xh p^jisi CM. B cjiynae HpncyTCTBHH hobmx 

B3aHMO/],eHCTBHH 
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A = Af, + As, 
rfle As - BKjiafl cJ^hshkh sne paivioK CM. IlosTOMy BOSHHKaeT ecTecTBeHHbift 
Bonpoc - KaKoe orpaHHHeHHe cnepxy na napaMeTp As Mbi MOJKeM nojiyHHTb b 
6yflyiii,eM SKcnepHMeHTe? Bonpoc cbo/],htch k cjie/i,yiomeMy: KaKoe SHaneHHe 
riohs B cooTBeTCTByromnx (Jjopiviyjiax (FjiaBa 3) Heo6xo/];HMO HcnojibsoBaTb? 
HanGojiee pacnpocTpaHeHHbiii peLi,enT ("Azimov dataset") 3to iicnojibsoBa- 
HHe HanGojiee BepoHTHoro SHaneHHii Uobs = [Ab] flJia pacnpe^ejieHHa Ilyac- 
coHa P{n\X). TaK, nanpHMep, orpannneHHe ()162p [^ npHMeT bh^ 

ESo^([A6]|A6 + As) 



E^n^oPiiMXb) 



> a. 



Cmmcji aH3aii,a riohs = [A;,] onenb npocTott. BeposTHOCTH Toro, hto riobs < 

[Afe] HJIH Uobs > [Afe] npH6jIH3HTejIbHO paBHbl 50%. PI, nOBTOMy, C BepOHTHO- 

CTbio 50% B cjiynae peajibHoro SKcnepHMeHTa mojkho nojiyHHTb KaK jiynmee, 
TaK H xyflinee orpaHHHeHHe, neu oJKHflaeMoe orpaHHHeHne. 

B cjiynae HSMepeHHH HenpepbiBHOit BejiHHHHbi, pacnpeflejieHHoii no nop- 
MajibHOMy saKony N{x\fib,(^'^), nanGojiee BepoHTHoe snaHeHHe cjiyHannoft 
nepeMeHHOH x = jib- OrpanHHeHHe na napaMexp cnrnajia ^g b npe/inojiojKe- 
HHH, HTO cjiynaHHaH nepeiviennaa X pacnpeflejiena b 3tom cjiynae no nop- 
MajibHOMy saKony N{x\^b + /^s,'7^) na ypoBHe 1 a ecTb —a < fJ.s 1^ cr. 

B cjiynae HopMajibnoro pacnpe/i,ejienHH N{x\fib,(^'^) b 68% cjiynaeB (1 a) 
cjiyHaiinaH BejiHHHHa X ppjiyKua jiejKaTb b nnTepBajie Hb — o'<X<iJ,b + cr. 
OTcro^a Mbi nojiynaeM, hto b 68% cjiynaeB orpannnenne na napaMeTp noBoii 
4)H3HKH fig na ypoBne la jiejKHT b nnxepBajie —2 c < fig ^ '^ cr. 

fl^Jisi cjiynaa pacnpe/iejienna Ilyaccona o6o6m;enHe BbimenpHBe;];ennoH 
npon;eflypbi oneBH^no h coctoht b BbiSope Taxnx anaHenHii n, jiejKan^nx 
b6jih3h [Xb], nxo 

Y.P('^k\Xb)>68%. 

^ajiee fljiH KajK/ioro n^ naxo^nivi BepxnnH npe^eji na napaMeTp cnrna- 
jia As (A = As + Xb) H fljiH KajKfloro A^ BbiGnpaioTCH nanGojibmne {n^"'^) 
H nanMenbuine (n^*") ananenna n^ h c nx noMom;bio onpe^ejiiiioTCH coot- 
BeTCTBenno nanMenee "y^annoe" n nanGojiee "y^annoe" snanenna Bepxnero 
npe/],ejia na As- 



HanoMHHM, HTO orpaHHHeHHe H162p ecTecTBeHHO nojiynaeTca b BaiiecoBCKOM noflxofle 
H i^acTO HMCHyeTca CLs MeTOflOM |24) . 
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4 Yhgt CHCTGMaTHHecKHX oluhGok 

4.1 BBe/],eHHe 

THnHHHaH aa^ana b (JjHSHKe bmcokhx sneprHH 3to HSBjieneHHe h3 SKcnepn- 

MeHTajIbHblX flaHHblX HH4)OpMaiI,HH O B03MTOKH0CTH CyiIl,eCTBOBaHHH HOBOH 

4)H3HKH BHe paMOK CM. HanpHMep, npn HsyneHHH toh hjih hhoh peaKiiHHl^^l 
c HajioJKeHHeM pa/ia KHHeMaTHHecKHX orpaHiiHeHiift (o6pe3aHiiii) BepoHT- 
HOCTb fleTeKTHpoBaHHH H co6biTHH onpeflejiHeTCH pacnpeflejieHHeM Hyacco- 
Ha P{n\X), r^e A = At + A^, A;, = LebCb, A^ = LegCTs- Sflecb L - nojiHaa 
HHTerpajibHaH CBeTHMOCTb, e^, e^ - scJ^cJ^eKTHBHOCTb fleTeKTHpoBaHHa flJia, 

COOTBeTCTBeHHO, (J^OHOBblX H CHrHajIbHblX Co6bITHH, CJf,, ffs CeHeHHS 4)OHa H 

CHrnajia. 

CeneHHe CHrnajia o"s 3aBHCHT ot napaMeTpoB MO/];ejiH, onHCbiBaromnx ho- 
Boe HBjieHHe (Maccbi cynepcHMMeTpHHHbix nacTHu;, Macca Z'-6o30Ha, . . .). 
OcHOBHaH saflana coctoht b naxoJK/ieHHH h3 SKcnepiiMeHTajibHbix flaHHbix 
BejiHHHHbi HJIH orpaHHHeHHa Ha CHrnajibHoe ceneHHe 0"s hjih (hto hohth to 
jKe caMoe) b HaxojK^eHHH napaMexpoB (hjih orpaHHHeHHH na hhx), onpe^e- 

J[HIOIII,HX HOByiO 4)H3HKy. 

ripoGjieivia saKjHOHaeTca b tom, hto napaivieTpbi Mo^ejiH L, e^, 6^,0";,, cJs 

OHpe/];ejIHIOTC5I C KaKOii-TO TOHHOCTblO, 3TO Ha3bIBaeTCH CHCTeMaTHHeCKHMH 

34)4)eKTaMH. TaK, nanpHMep, tohhoctb onpeflejieHHH HHTerpajibHoii CBe- 
THMocTH L B Hpoii,ecce pa5oTbi BAKa b 2010 ro^y oH,eHHBaeTca paBHoft 
11% [25]. 

HapaMeTpbi scjicJjeKTHBHOCTH perHCTpaii,HH c]30Ha h cnrnajia 3aBHCHT ot 
pa6oTbi /leTeKTopa h cBaaanbi rjiaBHbiM o6pa30M c ne 100% 94)4)eKTHBHo- 
CTbK) perHCTpaH,HH HacTHu;, a TaKJKe c neTOHHbiM onpe^ejieHHeM HMnyjibca 
HacTHu;. 

HpH OHpe/];ejieHHH cr^ h ag BOSHHKaioT HeoHpe;i;ejieHHOCTH, CBH3aHHbie 
c HeTOHHbiM TeopeTHHecKHM 3HaHHeM ceneHHit. Sfl^ecb, npaBfla cjieflyeT CKa- 
saTb, HTO HHor/ia Bejinnnny (Jjona ab mojkho H3BjieHb h3 SKcnepHMeHTajibHbix 
flaHHbix B flpyroH KHHeiviaTHHecKOH oGjiacTH. 

06biHHO CHCTeMaTHHecKHe HeoHpe/iejieHHOCTH pa3flejiHioT na Tpn Kjiac- 
ca: 

1. CHCTeiviaTHHecKHe HeoHpe;];ejieHHOCTH, KOTopbie mojkho ycTpaHHTb ny- 
TeM H3MepeHHa BejiHHHH B flpyroH KHHeMaTHHecKoii o6jiacTH. HpH 
3TOM CHCTeMaTHHecKHe HeoHpe^ejieHHOCTH TaKoro pofla onpeflejiHioT- 



HanpHMep, KOjiHMecTBO ahmmohkbix co6bithh c orpaHHHeHHSMH no nonepe^HBiM hm- 
nyjibcaM mk)ohob h hx HHBapHaHTHoit Macce. 
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CH CTaTHCTHHeCKHMH HeonpeflejieHHOCTHMH HSMepaeMblX BejIHHHH. Ha- 

npHMep, npH onpeflejieHHH ceHeHHH 4)OHa cnrHaTypbi c n > 1 jets + 

J^miss ^ aflpOHHblMH CTpyHMH H HeHyjieBbIM nonepeHHbIM nOTepHHHbIM 

HMnyjibcoM, 4)OH, BosHHKaiomHH OT peaKi^HH n > 1 jets + (Z — )• z^z/), 
MOJKHO oii;eHHTb HcxoflH H3 HSMepeHHH ceHeHHS npoii,ecca n > 1 jets + 

[Z ^ rl H H3BeCTHOH BejIHHHHbl — ; -. 

^ ^ T{Z^l+l-) 

2. Heonpe^ejieHHOCTH, CBasaHHbie c Mo^ejibHbiMH npeflnojioJKeHHHMH npn 
HSBjieneHHH /laHHbix. Ilpe/^nojioJKeHHH o6 9(|)4)eKTHBHOCTH perHCTpa- 

II,HH HaCTHIl,, TOHHOCTH Onpe;];ejieHHH HX HMnyjIbCOB, MHCHfleHTHCJjHKa- 

u;hh (HHCTpyMeHTajibHbie 4)OHbi) o. 

3. Heonpe/i,ejieHHOCTH, CBaaaHHbie c HeTOHHbiM onpeflejieniieM TeopeTH- 
HecKHX ceneHHii at, h as- KaK yace OTMenajiocb Bbiuie b psij^e cjiynaeB, 
HO He Bcer/ia, onpe/iejiHTb ceneHHe (J^ona ab mojkho Hcxo^a h3 SKcne- 
pHMeHTajibHbix flaHHbix B flpyrott KHHeiviaTHHecKOH o6jiacTH. 

Cyn];ecTByeT HecKOjibKO choco6ob ynexa CHCTeiviaTHHecKHX acJicJjeKTOB. 
Ohh 5y/];yT paccMOTpenbi b Hocjie^yiou],Hx Tpex Ho;],pa3;];ejiax. 

4.2 Oii,eHKa napaMeTpa 4)OHa, hcxo/i,5i h3 HSMepeHHH b fipy- 
roii KHHeMaTHHecKOH oGjiacTH 

npo6jieMy MOJKHO ccJ^opiviyjiHpoBaTb cjie/iyromHM o6pa30M: nycTb HHTepecy- 
RDH^aH Hac fljiH noHCKa hoboh 4)H3hkh KHHeiviaTHHecKaa o6jiacTb onncbiBaeT- 
CH pacHpe/];ejieHHeM IlyaccoHa P{ni, A;, + As). CBHsaHHaji c Heit KHHeMaTHHe- 
CKaH o6jiacTb, r^e xaK mm Hpe^HOJiaraeM CHrnaji onenb Maji, onncbiBaeTCH 
pacnpeflejieHHeM HyaccoHa P{n2,TXb), r^e r - H3BecTHoe hhcjio. Sa^ana 
cocTOHT B TOM, HTo6bi HO HSMepeHHOMy 3HaHeHHK) n2obs OHpeflejiHTb Hapa- 
MBTp Afe H c HOMon;bio H3MepeHHa HHCJia co6biTHii niobs b HHTepecyron^eii nac 
KHHeMaTHHecKOH o6jiacTH nojiyHHTb orpaHHHeHHe na napaMeTp cnrnajia A^. 
PemeHHe stoh 3aflaHH HaH6ojiee npocTO b MeTOfle MaKCHMajibHoro npaB- 
/],onoflo6Ha. OyHKii,HH npaB/];ono/],o6HH paBHa 

L{Xb,Xs\niobs,n2obs) = P{n2obs\Xb + Xs)P{'niobs\TXb). (169) 

^ajiee h3 ycjioBHH MaKCHMyMa 



THnHHHblH npHMep MHCH/],eHTH4)HKaLl,HH - 3TO HenpaBHJIbHOe OTOJKeCTBJieHHe aflpOH- 

Hoit CTpyH B KaiecTBe sjreKTpoHa hjth, hto naMHoro pe»ce, b Kai^iecTBe MiooHa. 
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Haxo/],HTCH HaH6ojiee npaB/i,ono/],o5Hbie SHaneHHa napaMeTpoB A;, h A^ h no- 
jiynaKiTCH orpaHHHeHHH na A;, h A^. 

3aMeTHM, HTO B BaiiecoBCKOM noflxo/];e, KaK yjKe OTMeHajiocb Bbime, 
cnpaBe/],jiHBa 4)opMyjia 

P{>^s\n2obs) = dXbP{n2obs\h + >^s)-n-{Xb)- (171) 

A npHop 7r(Afe) c yneTOM HSMepeHHH n2obs flJi^ 4)OHa mojkho onpe/],ejiHTb KaK 

J dXbP[niobs,T\b)r]{\b) 
rfle ri{\b) - npnop, HcnojibsyeMbm npn HSMepeniiH cJjoHOBoro npoii;ecca. 

4.3 Ou,eHKa CHCTeMaTHHecKHx Heonpe/^ejieHHOCTeit b MeTO^e 
MaKCHMajifaHoro npaB/],ono/],o6Ha 

IlpeflnojioJKHM, HTO Mbi HSMepaeM KOjinnecTBO co6biTHH, pacnpeflejieHHbix 
no saKOHy IlyaccoHa P(n|Afe + A^), h Heonpe/];ejieHHOCTb cj^ona Af, oniicbma- 
eTCH HopMajibHbiM pacnpe/];ejieHHeM 



,Af,-A 







^'^'l^°-^^°' = OT'"*'^'- '"'^ 



'b 
OyHKLi,HH npaB/],onoflo6HH iiivieeT bh/i, 






,„„.,.o,„,.(M^e-.--i^. ,174, 

Oi];eHKa napaMexpoB fljia cjiynaa OTcyTCTBHa cnrnajia (A^ = 0) nojiyna- 
eTCH nyTBM pemeHHH ypaBHenna 

^L(A, = 0,A,|AO,n) = 0. (175) 

OAb 
PemeHHe hmcct bh^ 



A,(A°, AXl n) = ^L^^ + y (^L^^)2 + n(AA0)2. (176) 

SnaHeHHe BepoaTHOCTH P ocymecTBjienHH Uobs HSMepeHHH b OTcyTCTBHe 
cnrnajia onpe/];ejiaeTCH CTaH/],apTHoii cJ^opMyjioii 
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PiXtl^obs) = P[N > nobs\Xb = Af,(AO, AAO,n)] = 



oo 






(177) 



B cjiynae HenyjieBoro A^ h3 ycjioBHH MaKcmviyMa 4)yHKii,HH npaB/],onoflo6HH 
L( ) no oTHomeHHK) k nepeMennbiM A^ h A^ 

HaxoflHTca 4)yHKii;Ha MaKCHMajibHoro npaBflono/];o6HH L(As, Afe|AjJ, Ag,n) h 
cpaBHHBaeTCH c 4)yHKu;HeH MaKCHiviajibHoro npaB/];onoflo6Ha b OTcyTCTBHH 
cnrnajia. ^ajiee, Hcnojibsya MeTOflbi HSjioJKeHHbie b FjiaBe (3), mojkho nojiy- 
HHTb orpaHHHeHHe na napaMeTp CHrnajia A^. 

4.4 MeTO/i, ycpeflHeHHa Ky3HHca-XaHJiaH/],a 

MeTOfl KysHHca-XaftjiaHfla no cymecTBy npHMenaeT BaftecoBCKHH no/],xofl k 
npo6jieMe cncTeMaTHKn hjih necymecTBennbix napaivieTpoB. 

ripe/inojioJKHM, HTO naM HSBecTen BanecoBCKnit npnop tt{6') j\jisi Bcex 
HecymecTBennbix napaMeTpoB 6' (nanpHMep, napaMeTpoB, onHCbiBaiomnx 
Heonpe/i,ejiennocTH ceneHHa (]3ona h CHrnajia). JH^Jin 4)yHKU,HH pacnpe/iejie- 
HHH P{x\9,9'), rflfi x-cjiynaiiHaa Bejinnnna, ^-cymecTBennbie napaivreTpbi, 
nponnTerpHpyeM no necymecTBennbiM napaivieTpaivi 6' h nojiyHHM ycpe/i,nen- 
Hyio 4)yHKu;Hio pacnpe/],ejieHHH 

Pav{x\9)= f de'TT{9')P{x\e,e')d9'. (179) 

^ajiee, npn nsBjieneKHH h3 SKcnepnMenTajibHbix flannbix HH4)opMan;HH 
o cymecTBeHHbix Bejinnnnax 9, HcnojibsyeM ycpe^HeHHyio 4)ynKn,Hio pac- 
npeflejieHHH Pav{x\9). Hpn nsBjieHeHHH h3 3KcnepHMenTajibHbix flannbix na 
ocnoBe ycpe^nennoH 4)yHKLi,HH pacnpeflejiennH Pav{x\9) mojkho npHMeHHTb 
KaK HacTOTHbiit, TaK H BaiiecoBCKHH noflxoflbi, a TaKJKe MeTOfl MaKCHMajib- 
Horo npaB/];ono/],o5HH. 

KaK yjKe OTMenajiocb panee, napaMeTpbi Af, n As npe^cTaBHMbi b BH^e 
Xh = LcbCTb, As = LcgCTs- Hpn ou;eHKe cncTeMaTHHecKoii neonpe/iejieHHOCTH, 
Hanpniviep, A^ napaMeTpa neo6xo/i,HMo snaTb pacnpeflejiennH napaMeTpoB 

L,eb,ab,crs- 

06binno npe^nojiaraeTca, hto napaMeTpbi L, e?,, es,(Tfe,a"s nesaBHCHMbi n 
noflHHHaioTCH nopMajibHOMy pacnpeflejienmo |^. 



HacTO npn OLi;eHKax HcnojTbsyiOT TaKJKe jiorHopMajiBHoe pacnpeflejieHHe. 
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IIpoHjijiiocTpHpyeM MeTO/i; KysHHca-XafljiaH^^a na npiiMepe HSMepeHHH 
cjiynaiiHOH BejiHHHHbi X, pacnpeflejieHHott no HopiviajibHOMy saKony N{x\^,a'^) 
IlycTb Mbi TOHHO 3HaeM flHcnepcHio, a sejiHHHHa /x pacnpe/iejiena no Hop- 
MajibnoMy saKony N{ii\iJLQ,aV}. Sflecb ^q ~ TeopeTHHecKoe (cpe/i,Hee) sna- 
Henne Bejinnnnbi /x, a o"^ - ^HcnepcHH, OTpajKaioni,aH neTonnoe anaHHe na- 
paMeTpa ^. Hama sa/iana coctoht b nojiyneHHH orpaHHHeHHH na napaMeip 
/io- HanoMnHM, hto corjiacno MeTO/iy KysHHca-XaHjian^a pacnpe^ejieHHe 
cjiyHaHHoit Bejinnnnbi X onpe^ejiHeTCH nyTeivi nnTerpHpoBannH no necyme- 
CTBennbiM napaMeTpaivi 



Pav{x\e) = / de'TT{e')p{x\e,e')de' (iso) 

B nanieM cjiynae (JjopMyjia (|180p npHHHMaeT bh/i, 



G{x\fio,<T^)= I dfiN{x\fi,a^)N{fi\fio,(^l) = N{x\fio,c7^ + (7l). (181) 

TaKHM o6pa30M, yneT cncTeMaTHKH, CBasannon c neTonnbiM snanneM 
BejiHHHHbi ^, CBO/iHTCH K saMene flHcnepcHH 

a^ ^ a^ + 0-2. (182) 

ripe/inojioJKHM, HTO Mbi HSMepnjiH BejiHHHHy X paBHyio xq. Tor/],a, c 
yneTOM saivieHbi (|182p . snaHHMOCTb naniero nsMepenna onpe/i,ejiaeTca CTan- 

flapTHOH 4)OpMyjIOH 

- 1^°=^. (183) 

a^ + al 

OTjiHHHe CHCTeMaTHnecKOH omH6KH af, , CBHsannott c neTonnbiM snanneM 
BejiHHHnbi Ho, OT CTaTncTHHecKott omn6KH saKjuonaeTCH b tom, hto ona, KaK 
npaBHjio, nponopn;nonajibna cpe^neMy snanennio fiQ, to ecTb a^ ~ ;Uq. 

B cjiynae A'^ nsMepennn cjiyHannoit Bejinnnnbi X cpe/;nee ananenne x = 

1 ^ 
— 2_. Xi c yneTOM cncTeiviaTHKH pacnpe^ejiena no nopMajibnoMy saKony 

i=l 

2 

iV(x|/io, crl), npHHCM al = — + a^. 



N 



^HcnepcHH (Ty ne saBHCHT ot nncjia HSMepenHii n, KaK cjieflCTBne, nojiy- 



naeM, hto b npe^ejie 6ecKonennoro nncjia nsMepennn o"^ — )• o"^, 
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TO ecTb Bce paBHO ocTaeTCH Heonpe^ejieHHOCTb b HaxojKfleHHH napaivieTpa 
/io- HTaK, B npe/],ejie 6ojibmoro HHCjia HSMepeHHft CHCTeMaTHHecKaa neonpe- 

flejieHHOCTb flOMHHHpyeT H He SaBHCHT OT HHCJia H3MepeHHH. 

^jiH saflaHH HSBjieneHHa CHrnajibHoro ceneHHa no SKcnepiiMeHTajibKbiM 
/],aHHbiM Ha ocHOBe HcnojibsoeaHHa pacnpeflejieniia HyaccoHa P{n\X) b cjiy- 
Hae Uobs ^ 1 pacnpe^ejieHHe HyaccoHa annpoKCHMHpyeTCH HopMajibHbiM 
pacnpe^ejieHHeM A^(n|A, A). ^Jia MOflfijim c A = A^ + A^, Xt = LebCTb, Xs = 
LcgCTs HesaBHCHMbie Heonpe/],ejieHHOCTH L, e^, e^, crt, Cg yfloSno npe^cTa- 
BHTb B Bnpfi L = Lo(l ± 5l), eb = efe(l ± (^ej, e.* = e°(l ± d^J, db = 

B cjiynae Majibix Heonpe/],ejieHHOCTeH 6l , <Je[, , (Je^ ypaBHeHHe j^jm onpej^ejie- 
HHH CHrnajibHoro ceHemm a^ mojkho sanncaTb b Bap^e 

^o^!}obs^Md^^^ (184) 

npHHeM omH6Ka HSMepeHHa cnrnajibHoro ceneHHH Cg paBHa 



X = ^C^?iSl + 61 + 51) + (;g|)2 (1 + ^obsiSl + 5,J). (185) 

TaKHM o6pa30M, b npnGjiHJKeHHH HopMajibHoro pacnpe/i;ejieHHa kom6h- 
HHpoBaHHbiH yneT pasjiHHHbix CHCTeMaTHHecKiix omnGoK cboahtch k KBa^- 
pHpoBaHHK) omn6oK H TpHBHajieH. npo6jieMa HeMHoro ycjiojKHaeTca, Kor/],a 

KOJIHHeCTBO ngfes HeBejIHKO H Mbl He MOJKeM HCnOJIbSOBaTb npH6jIHJKeHHe Hop- 

MajibHoro pacnpe;i;ejieHHa. 

IlycTb, nanpHMep, y nac HMeeTca pacnpeflejieHHe IlyaccoHa P(n|A5 + As), 
a napaMeTpbi Xb h A^ pacnpe/i,ejieHbi no nopiviajibHOMy saxony 





1 


iH->^l)'' 


NiXb\Xlab) = 


'^"l 


V2^ab 
1 


(As-aO)2 


N(Xs\Xlas) = 


2.i 



2iTa<i 



(186) 

(187) 



Corjiacno ueroffy Ky3Hnca-XaHjian/],a mm ycpe/],nHeM pacnpe/],ejienne Ilyac- 
cona c 4)ynKn;nHMH N[Xb\X^,ab) n A^(As|As,crs) 



Pav{n\Xl A^) = / dXhdXsP{n\Xb + A3)A^(A6|A^, ab)N{Xs\Xl a,). (188) 
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B npe/],ejie Majibix flHcnepcHft ab h ag 

lim.,^oPav{n\XlX^„ab,as) = P{n\XlX^^). (189) 

CTs->0 

PasyMeeTCH, oneHb BajKHbiii Bonpoc, KaK pacnpeflejieHHH hjih npHopbi 
P(Ab|A^,<Tfe), P(As|A^,(Ts) Bbi6HpaTb j^jin yneTa cHCTeMaTHKH. HpH Majienb- 
KHX ;i;HcnepcHax a^, (Js sto HecymecTBCHHO. HpH 6ojibmHX flHcnepcHHX pe- 
syjibTaT ycpeflHeHHH HaHHHaeT saBHceTb ot cJjopMbi pacnpeflejieHHH. KpoMe 

TOrO, H3 4)H3HHeCKHX COo6pa>KeHHH Afe > H As > 0, B TO BpeMH KaK HOp- 

MajibHoe pacnpeflejieHHe npHBOflHT k bosmojkhmm SHaneHHaM A;, h Xg ot — oo 
flo +CXD. ripH He6ojibmHX /iHcnepcHHX 3Ta npo6jieMa pemaeTCH BOjieBbiM ny- 
TeM - o5HyjieHHeM njioTHOCTeii BepoHTHOCTeii npn OTpimaTejibHbix A;, h As 
H HSMeneHHeM HopMHpoBKH c TeM, HTo6bi nojiHbift HHTerpaji no Af,, As ot 
Pf) oo paBHHjica 6bi 1. HacTO HcnojibsyeTCH jiornopMajibHoe no A^, As pac- 
npeflejienne, j\ji5i KOToporo nepeMennbie In A^, In Xg aBTOMaTHHecKH jie»caT 

OT —DO Pf) +00. 

B pa6oTe |26| Hsynajiocb Bjinanne cncTeMaTHKH na nsBjienenne eepx- 
nero orpanHHenHa na napaMeTp A pacnpeflejiennH Hyaccona P(n, A). B 
npeflnojioJKeHHH, hto cncTeMaTHHecKaa neonpeflejiennocTb b napaivieTpe A 
pacnpe/i,ejieHa no HopMajibnoMy saKony c flncnepcneii ua, npn Majibix a\ 
yneT CHCTeiviaTHKH npHBO^HT k orpaHHHennK) A < A^p, r^e A^p = A„p(l + 

- j H A„„ - Bepxnnn npe/],eji oes yneTa CHCTeiviaTHKH. llpn nobs = 

2 



^A> 



H 90% ypoBne ;];ocTOBepHocTH Xup{nobs = 0,0"^) = 2.30(1 + 2.30 ,. 

KaK yjKe OTMenajiocb Bbime napaivieTp A b pacnpeflejiennn Hyaccona 
P(n, A) npe^cTaBHM b bh^c A = Lea n mm flojiJKHbi yHHTbiBaTb cncTCMaTH- 
necKne omnGKH, CBaaannbie c ncTonnbiM snanneM CBeTHMOCTH L, BcJjcJjeKTHB- 
HOCTH perHCTpan,HH e n ceneKHH a. Hpe^^nojioJKHM, hto omnGKH pacnpe^e- 
jienbi no HopMajibnoMy saKony n ohh MajienbKne. Mbi mojkbm CHMBOJinnecKH 
sanncaTb L = Lo(1±(5l), e = eo(l±5e), a = aQ{1^5a), r/ie Sl, Se, <5a- ^ 1 - 
CTaH/iapTHbie OTKjionennH. IIpeflnojiaraH, hto oninGKH 6l, 6^, S^ neaaBHcn- 
Mbi, nojiynaeM, hto neonpe/i,ejieHHOCTb napaMCTpa A pacnpe/],ejiena no Hop- 



MajibnoMy saKony c flncnepcnen 6x = J 5\ + 5^ + (5^, to ecTb A = Ao(1±(5a 
vpfi Ao = LQe^aQ. 
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Ta6jiHii,a 8: BepxHHe npe^ejibi A^p npn 90% ypoBHe flOBepHH fljia aHaneHHii 
IT-obs = 0, 1, 2, 3 H 3HaHeHHH 5x = 0, 0.1, 0.2. 



5a \ nobs 





1 


2 


3 


0.0 
0.1 
0.2 


2.30 
2.33 

2.41 


3.89 
3.95 
4.11 


5.32 
5.41 

5.67 


6.68 
6.80 
7.17 



B Ta5jiHLi,e ([SD noKasano BjiHSHHe CHCTeMaTHKH na SHaneHiie Bepxnero 
npe^ejia na napaMeTp pacnpe^ejieHHH A c noMombio nacTOTHoro MeTo^a |26| 
npH Heonpe^ejieHHOCTH napaMeTpa A b 0, 10 h 20% npn riohs < 3. 
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5 IlpoBepKa rnnoTes 

5.1 BBe/],eHHe 

OflHoii H3 ocHOBHbix sajisH jiio6oro SKcnepHMBHTa HBjiHeTCH npoBepKa toh 
HjiH HHoit MO/iejiH (TeopHH) , npe/;Ha3HaHeHHOH flJiH noHCKa SKcnepHMeHTajib- 
Hbix noflTBepjK;];eHHH, a TaKJKe hohck hobbix HBjieHHH. B HacTOHii],ee BpeiviH 
BCH coBOKynHOCTb BKcnepHMeHTajiBHbix flaHHbix B 4)H3HKe BbicoKHX aneprHH 
onHCbiBaeTCH CTaH/];apTHOH Mo/iejibio |l27j o. CTaHflapTHaa Mo/iejib (CM) 
npeflCKasbisaeT cymecTBOBaHHe 6o30Ha Xnrrca - nocjie/i,HeH HeoTKpbiToit na- 
CTHii;bi CM. CymecTByioT MHoroHHCJieHHbie pacmnpeHHa CM (cynepcHMMeT- 
pHH, flonojiHHTejibHbie pasMepnocTH, Z'-6o30Hbi, ...), npe/],CKa3biBaiomHe 
cymecTBOBaHHe hoboh 4)H3hkh. Ochobhoh 3aflaHeii BAKa HBjiaeTCH hohck 
6o30Ha Xnrrca h hoboh 4)H3hkh bhb paMOK CM. 3to flejiaeTca nyTeM /leTeK- 

THpOBaHHH HaCTHH, B KOHeHHOM COCTOHHHH (aflpOHHblX CTpyft, 3JieKTpOHOB, 

MKJOHOB, T-jieHTOHOB) c OHpe/];ejieHHbiMH orpanHHeHHSMH Ha HMnyjibCbi na- 

CTHU, B KOHeHHOM COCTOHHHH. B 3TOM CJiyHae y HaC eCTb flfie rHHOTe3bI. 

1. rHHOTe3a Hq - Bce OHHCbiBaeTca CM. 

2. rHHOTe3a Hi - cymecTByeT HOBaa 4)H3HKa bhb paMOK CM. 



rHHOTe3a 
Ho 




^aHHbie 



rHHOTe3a 
Hi 



rHHOTe3a Hq Ha3biBaeTCH npocTOH rHH0Te30H, ecjiH ona ne HMeeT cbo- 
6oflHbix HapaMeTpoB. 3to xopomaH H/];eajiH3au;HH ^jih CM 5e3 ynexa BKjia- 
flflB OT pacHaflOB 6o30Ha Xnrrca, HOCKOjibKy tohhoc 3HaHeHHe Maccbi 6o30Ha 
Xnrrca ne H3BecTHO. Cjie/],yeT HO/inepKHyTb, hto b peajibHOH jkh3hh cyH;e- 

CTByiOT HeOHpeflejieHHOCTH, CBH3aHHbie, B HaCTHOCTH, C HeyMCHHeM TOHHO 



EflHHCTBeHHbiii SKcnepHMeHTajiBHbiH 4)aKT, jiejKamHH ene npeflCKasaHHii CxaHflapT- 

HOit MoflejIH - OCLI,HJIJiaLI,HH HeilTpHHO [28j . 3aMeTHM, HTO HeilTpHHHbie OCLl,HJIJiaLI,HH jierKO 

o6tacHaiOTca nyTeM BKjiiOMeHHa Mace HeiiTpHHO b CTanflapTHyro Moflejib. 
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npeflCKasbiBaTb ceneHHS CM, a TaKJKe SKcnepHMeHTajibHbie neonpeflejieHHO- 

CTH, CBasaHHbie C HeTOHHbIM SHaHHeM nOJIHOtt CBeTHMOCTH, HeTOHHbIM 3HaHH- 

eM HMnyjibcoB nacTHii; h scJ^cJjeKTHBHOCTH hx perncTpai^iiH. HosTOMy nonaTHe 
npocToii rnnoTesbi HBjiHeTca Bcero jinnib pasyMHoii H/;eajiH3aLi;iieH. Hpe/ino- 
jioJKHM, HTO B KaHecTBe ajibTepHaTHBbi rnnoTeae Hq mm HMeeM npocTyio 
rnnoTesy Hi. HanpHMep, rnnoTesy o cymecTBOBaHHH cynepcHMivieTpHH |29) 
c BnojiHe onpe/i,ejieHHbiMH iviaccaMH cynepnacTHLi,. SaMeTHM, hto rHnoTesa o 

CymeCTBOBaHHH HOBOit 4)H3HKH HBJIHeTCa KaK npaBHJIO COCTaBHOii, TO eCTb 

saBHcameft ot Heonpe/];ejieHHbix napaivieTpoB (Mace cynepHacTHu;, napaMCT- 
poB /lonojiHHTejibHbix pasMepHOCTett, Mace Z'-Gososa. h t./;.). IIosTOMy y nac 
Ha nepBOM STane ctoht sa/iana npoBcpKH ochobhoh rHnoTcsbi Hq - cnpaBe^- 
JIHBOCTH CM. 

5.2 IIpoBepKa ochobhoh rnnoTesfai 

npe;],nojioJKHM mm npoBepaeM CM b npoii;eccax pojK^eHHH jienTOHHbix nap 
Ha BAKe, HaKjia^biBaa onpe/i,ejieHHbie orpaHHHCHHH na HMnyjibCbi jienTonoB 
H HX HHBapHaHTHbie Maccbi. CM npH 3a/],aHHOH cbcthmocth npeflCKasbiBaeT 
BHOJiHC onpe/iejieHHoe cpeflnee kojiiihcctbo coGmthh A^. 

BepoHTHOCTb Ha6jiiofleHHH n co6biTHH onHCbiBaeTca pacnpe^ejieHHeM Hyac- 
cona P{n\X). npe/i,nojiojKHM, hto mm oGnapyjKHjiH Uobs coGmthh h nama 
sa/iana - onpe^ejiHTb nacKOJibKO Ha6jiK)/;aeMoe KOJinnecTBO coGmthh Hobs 
cobmbcthmo c Hameft ochobhoh rnnoTesoH, hto A = Ab b pacnpeflejienHH 
IlyaccoHa. 

BepoHTHOCTb Ha6jHOfleHHH n > Ugbs coGmthh paBHa l^j 

P+inobs\Xb) = P{n>nobs\Xb)= E Pi^\>^b)- (190) 

n=nobs 

BepoaTHocTb HaGjiro^eHHa n < riobs co6biTHH paBHa 

n=nobs 

P-{nobs\Xb) = P{n < UobslXb) = E ^(^l^fc)- (191) 

n=0 

HanoMHHM, HTO P{nobs\^b) MaKCHMajibHa 130] npH riobs = [Ajlj. HosTOMy, 



'BcjieflCTBHe cjaopMyjibi (|99|) cnpaBefljiHBO paBencTBO 

f-Ai, 



P+(nobs\>^b) = / P{nobs - llA')iiA', 



10 

nosBOJiaiomee CBasaTb nacTOTHoe onpeflejieHHe p-BepoaTHOCTH c BaitecoBCKHM onpeflejie- 

COTlSt 

HHCM BepoaTHOCTH napaMCTpa A < At fljia npnopa 7r(A) = — - — . 

3flecB KBaflpaTHBie cko6kh [. . .] osHanaiOT Li,ejiyio nacTB ot "^iHCjia. 
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TaGjiima 9: SnaHeHHii SHaHHMOCTeii S h cooTBeTCTByiomHe hm SHaneHHa 

BepOHTHOCTett P+. 



5 





1 


2 


3 


4 


5 


P+ 


0.5 


0.1587 


2.275 • 10"^ 


1.35 • 10-^ 


3.15-10-^ 


2.87 • 10"'' 



Ta6jiHii,a 10: SnaHeHHii Af, flJiH Ha6jiio/];eHHoro HHCJia riobs, cooTBeTCTByiomHe 

ypOBHIO OTKpblTHH S = 5. 



IT'obs 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Xb 


0.00000028 


0.00075 


0.012 


0.05 


0.13 


0.25 


0.41 


0.61 


0.84 


1.11 



ecjiH Ha6jiio/];eHHoe KOJinnecTBO coGbithh riobs chjibho OTjinnaeTca ot [A^] b 

Ty HJIH HHyiO CTOpOHy, HHblMH CJIOBaMH JIh6o P+, JIh6o P_ OHeHb Majibl, TO 

MOJKHO roBopHTb o TOM, HTO CM c 66 np6flCKa3aHHeM napaM6Tpa \b pacnp6- 
/],6ji6HHH HyaccoHa He Bepna, to bctb rnnoTesa Hq npoTHBopeHHT 3KcnepH- 

MeHTajIBHblM flaHHblM. HoCKOJIbKy B nOHCKaX HOBOft c]3H3HKH, B OCHOBHOM, 

np6flCKa3biBaeTCH H36biTOK coSbiTHH no cpaBHeHHK) c npeflCKa3aHHHMii CM, 

TO eCTb Tlobs > ^6) TO Mbl paCCMOTpHM CHTyai^HK), KOTfla P+ MajIO. 06bIH- 
HO 3HaH6HHe B6pOHTHOCTH P CBH3bIBaeTCH CO CTaHflapTHOtt SHaHHMOCTbK) S 

corjiacHo c^opuyjie 



p 



1 



2tt Js 



2 dx 



h^ 



''^^7^^ 



(192) 



IlpHHeM B 4)H3HKe BblCOKHX SHepTHH o6lIi;enpHHHTO CHHTaTb, HTO npH 3HaHH- 
MOCTH S > 5 MM MOJKeM oGt^SBJIHTB o6 OTKpblTHH HOBOrO HBJieHHH (hOBOH 
4)H3HKH BHe paMOK CM). SnaHHMOCTb 5 = 5 COOTBeTCTBy6T BepOHTHOCTH 
P = 2.9 • 10~^ TOrO, HTO aBJI6HH6 OHHCblBaeTCH CM|^. B Ta6jIHLI,6 [9] HpHB6- 
fl6HbI H6CKOJIbKO SHaHeHHH 3HaHHMOCT6H S H COOTB6TCTByiOmHX HM B6poaT- 

HOCT6H P+ (cm. TaKJKC Ta6jiHu;y U]) . 

B Ta6jIHU6ll0lHpHB6/I6HbI 3HaH6HHH Afe B 3aBHCHMOCTH OT Uobs, COOTBCTCTBy- 
lOmHe ypOBHK) OTKpblTHH S = 5. 

SaMeTHM, HTO B pcajIbHOH JKH3HH Mbl 3Ha6M HapaMBTp CM Afc C KaKOtt-TO 
TOHHOCTbKI, HTO CBHSaHO C HaHIHM HeyMCHHeM TOHHO BblHHCJIHTb HapaMCTp 
\b, TOHHO H3M6paTb HMHyjIbCbl HaCTHH, H HX Hfl6HTH4)HU;HpOBaTb. KaK SblJIO 

noKasaHO b np6/],biflyn;6H rjiabe, H60Hpe/];ejieHH0CTH mojkho ynecTb c homo- 
u\bK) 4)yHKu;HH pacHpeflejieHHH P(Afe|A^,(T), KOTopan o6biHHO BbiGnpacTca b 



06bihho 5* > 3 c^iHTaeTca yKaaanHeM b nojibsy hoboh 4>h3hkh. 
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BH/i,e HopMajibHoro pacnpe/i,ejieHHa 



1 (H-^y 



P{Xb\Xla) = -^e ^^^. (193) 



YneT Heonpe/],ejieHHOCTH, CBHsaHHoft c HeTOHHbiM SHaneHiieM Af, npoHSBO- 
flHTca nyTeM ycpe^HeHHa b npaBoii nacTH (JjopMyji (I190|19ip c P{Xb\X^,a), 
a HMeHHo, o6o6iri;eHHe cooTBeTCTByK)in,Hx (Jjopiviyji HMeex bh/i, 

P;Kb,|Ag,a)= /p+(nofe,|Afe,a)P(Afe|Ai;,a)dAfe, (194) 



^i(no6.|A|;,a) = yP_(n„b,|Afe,a)P(Afe|AS;,a)dAb. (195) 

SaMBTHM, HTO B npe/];ejie o" — )• P^ — )• P+, Pi — )• P_. Ilpn HSMepeHHH 
cjiyHaHHoit BejiHHHHti X, pacnpe;],ejieHHOH no HopMajibHOMy saKony 

P{x\^i,a) = ^^e-^^ (196) 

BepOSTHOCTb 

r°° 1 /""^ x'^ 

P{x>fj, + Sa)= P{x\n,a)dx = ^= e~~dx (197) 

JfM+Sa- v27r J5 

H 5* = 5 KaK pa3 cooTBeTCTsyeT nopory OTKpbiTHa. 

B o6meM cjiynae, Kor/];a mm coGnpaeM /lannbie X fljiH npoBepKH rnnoTesbi 
Hq, cooTBeTCTByiomeH pacnpeflejieHHK) f{x\9) sa/iana coctoht b HaxoJKfle- 

HHH TeCTOBOii CTaTHCTHKH T{x) TaKOH, HTO 6ojIbmHe SHaneHHa tobs = T{Xobs) 

HBjiaioTCJi CBH/i;eTejibCTBOM (flOKaaaTejibCTBOM) npoTHB rnnoTesbi Hq. C 3toh 
ii,ejibio BBOflHTca BeposTHOCTb Ha6jiio/];eHHa T > tobs 

P = P{T> tobs\Ho). (198) 

KaK yjKe OTMenajiocb Bbime b (JiHSHKe bmcokhx sneprHH rnnoTesa Hq 
OTBepraeTca, ecjiH P < 2.9 • 10~^. 

B MeTo^e MaKCHMajibHoro npaBflonofloGna anajior ananHMOCTH S onpe- 
flejiaeTCH (jaopiviyjioH 



5= /2/n^%^^^^. (199) 

V f[Xobs\0) 

B cjiynae HopiviajibHoro pacnpe/];ejieHHH N(x\fj.,a'^) cJ^opMyjia (jl99p cob- 
naflaeT co CTaHflapTHoft (J^opMyjioft 
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Ta6jiHii,a 11: SnaHeHHa SHaHHMOCTeii S flJiH pacnpe/iejieHHH HyaccoHa, bm- 
HHCjieHHbie no 4)opMyjiaM (I190|192p fljia pasjiHHHbix snaHenHH Uobs h A^. B 
CKo6Kax npHBe/];eHO SHaneHHe snaHHMOCTH, BbiHHCjieHHoe no cJaopMyjie (|200p . 



"^obs 


Xb = l 


Ab = 2 


A6 = 3 


A6 = 4 


Ab = 5 


1 


-0.34 (0) 


-1.10 (0.71) 


-1.65 (1.16) 


-2.09 (1.5) 


-2.47 (1.79) 


2 


0.63 (1) 


-0.24 (0) 


-0.85 (0.58) 


-1.33 (1.0) 


-1.75 (1.34) 


3 


1.40 (2) 


0.46 (0.71) 


-0.19 (0) 


-0.71 (0.5) 


-1.15 (0.89) 


4 


2.08 (3) 


1.07 (1.41) 


0.38 (0.58) 


-0.17 (0) 


-0.63 (0.45) 


5 


2.68 (4) 


1.62 (2.21) 


0.90 (1.16) 


0.33 (0.5) 


-0.15 (0) 


6 


3.24 (5) 


2.13 (2.83) 


1.38 (1.73) 


0.79 (1.0) 


0.30 (0.45) 


7 


3.77 (6) 


2.61 (3.54) 


1.83 (2.31) 


1.22 (1.5) 


0.71 (0.89) 


8 


4.26 (7) 


3.06 (4.24) 


2.26 (2.89) 


1.63 (2.0) 


1.11 (1.34) 


9 


4.73 (8) 


3.91 (4.95) 


3.06 (3.46) 


2.03 (2.5) 


1.49 (1.79) 


10 


5.18 (9) 


4.31 (5.66) 


3.44 (4.04) 


2.40 (3.0) 


1.86 (2.23) 



a 



(200) 



B Ta6jiHu;e [TT] npHBe^enbi snaHenHa S ^jih necKOjibKHX anaHenHH A;, 
H riojjs. ^JiH pacnpe/iejieHHH HyaccoHa npn Majibix riohg pasjinnne MejK^y 
snanenneM snannMOCTH (|192p n snaHHMOCTH ()200p MO»ceT 6biTb BecbMa cy- 
n^ecTBennbiM (TaGjinna llip . 

B BaiiecoBCKOM noflxofle BepoHTnocTb Toro, hto napaMeTp A pacnpe/i,e- 
jienna IlyaccoHa Menbnie hjih paBen A^ onpe/iejiaeTca (JjopMyjioii 

P= [ ' P{X\nobs)dX. 
Jo 
MajiocTb napaMBTpa P osnanaeT, hto ocnoBnaa rnnoTesa ne Bepna. 



5.3 IIpoBepKa cjio>khoh rnnoTesM 

HpeflnojioJKHM mm xothm peniHTb, KaKaa ns rnnoTes Hq (CM cJjnsHKa) hjih 
Hi (4)H3HKa Bne paivioK CM) npaBHjibnaa na ochobb nsMepenna Bejinnnnbi 
X. IlycTb T{x) neKOTopaH 4)ynKn,Ha ot na6jiiofleHHH, KOTopyio 6yflisM nasbi- 
BaTb TecTOBott CTaTHCTHKott H nycTb W 5yfleT npocTpancTBOM Bcex SHanenHH 
T{x). HpocTpaHCTBO W o5biHHO pasflejiHioT na KpnTnnecKyio o5jiacTb w, ko- 
rfla rnnoTesa Hq OTBepraeTCH, n o6jiacTb Vl^ — w, b KOTopoii rnnoTesa Hq ne 
OTBepraeTca. 

BepoHTHOCTb nona^anHH b o6jiacTb w, Kor/ia rnnoTesa Hq Bepna 
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P{T G uj\Ho) = a (201) 

HasbiBaeTCH omnGKoii nepsoro po/];a. HnbiMH cjioBaMii a 3to BepoHTHOCTb 
Toro, HTO rnnoTesa Hq OTsepraeTCH, Kor/ia ona sepna. 

BajKHO, HTo6bi Bbi6paHHaH naMii TecTOBaa CTaTHCTHKa T nosBOjiajia 6bi 
pasjiHHHTb rnnoTesbi Hq h Hi. CTenenb cnoco6HOCTH CTaTHCTHKH T pasjiH- 
HHTb rnnoTesbi i:fo h i^i onpe/],ejiHeTCH Moiii,HOCTbio TecTa, onpe/],ejiHeMoro 
KaK BepoHTHOCTb BbinojiHeHHH rnnoTesbi Hi npn ycjioBHH, hto /],aHHbie jie- 

JKaT B KpHTHHeCKOH o6jiaCTH 

P{T G w|Fi) = 1-/3. (202) 

^pyrHMH CJIOBaMH /3 3T0 BepOHTHOCTb TOrO, HTO T BXO/],HT B flonycTHMyio 

o6jiacTb W — LO f{jiR rnnoTesbi Hq 

P{T eW -uj\Hi) = f3. (203) 

HTaK, npH TecTHpoBaHHH flByx rnnoTes BBOflaTCH flBa THna ohihGok: 

1. OmnGKa nepBoro po^a a - BepoHTHOCTb OTBeprnyTb ocHOBHyro (nyjie- 
Byro) rnnoTesy Hq, Kor/],a ona Bepna. 

2. OmnGKa BToporo po^a /3 - BepoHTHOCTb npHHHTHH ochobhoh (nyjieBoii) 
rnnoTesbi Hq, Kor/],a ona He Bepna. 

ripeflnojiojKHM rnnoTesbi Hq h Hi xapaKTepHsyioTCH napaMeTpaMH 9q h 
9i H, cooTBeTCTBeHHO, 4)yHKii,HeH pacnpeflejieHiiH f{x,6). 

Panee 6bijia onpe/i,ejieHa MomnocTb TecTa P{6i), nosBOjiaiomaH pasjiH- 
HaTb rnnoTesbi 9 = 9q a 9 = 9i, a HMeHHo, P{9i) = 1 — /3i. 

B o6meM cjiynae cocTaBHoii rnnoTesbi (to ecTb rnnoTesbi, saBHCHmeii ot 
napaMeTpa) Moiii,HOCTb TecTa onpe^ejiHioT KaK P{9) = 1 — /3{9) /],jih ajibTep- 
HaTHBHOH rnnoTesbi, onpe/i,ejiHeMoii napaMeTpoM 9. 

PaSJIHHHbie TeCTbl MOJKHO CpaBHHBaTb Ha OCHOBe CpaBHeHHH 4)yHKI],HH 
MOmHOCTH TecTa P{9). 

B cjiynae, ecjiH ajibTepnaTHBHaH rnnoTesa //i-npocTaa (Bce napaMeTpbi 
pacnpe/i,ejieHHH sa^aHbi) TecT aBjiaeTCH MaKCHMajibHbiM, ecjiH P{9i) MaKCH- 
MajieH. TecT, KOTopbift HBjiaeTCH nanGojiee MomHbiM npn Bcex SHaneHHax 9 
HasbiBaeTca o^HopoflHO nanGojiee moii^hmm. 

TecT HasbiBaeTCH cocTOHTejibHbiM, ecjiH npn Ha6ope /],aHHbix BepoaTHOCTb 

OmH6KH BTOporO pOfla CTpeMHTCH K HyjIK), TO eCTb 

limN^ooP{T{x) G uj\Hi) = 1 
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^jia pacnpe/iejieHHH HyaccoHa c rnnoTesoH Hq : A = Ab h ajibTepna- 
THBHoit rnnoTesoH Hi : A = A^ + A^ b nacTOTHOM noflxofle napaMeTpbi a h 

1 — /3 paBHbl COOTBeTCTBeHHO 



oo 



a= > P{n\Xb), 



n=nobs 



oo 



1-/3= ^ P(n|Af, + A,). 

n=nobs 

IlpeflnojiojKHM, HTO napaMeTpbi Aft h A^ HSBecTHbi tohho. Tor/],a b cjiy^ae 
a < 2.9- 10~^ KaK 3to o6menpHHHTO b 4)H3HKe bbicokhx SHeprnft - rnnoTesa 
-ffo OTBepraeTca (CM 4)H3HKa ne b coctohhhh onncaTb SKcnepiiMeHTajibHbie 
;];aHHbie). B cjiynae, Kor^a /3 MeHbine onpe/iejieHHoro SHaneHHH (nanpHMep, 
/3 < 0.95) MOJKHO CKasaTb, hto na 95% ypoBne flocTOBepnocTH rnnoTesa Hi 

He npOTHBOpeHHT 3KCnepHMeHTajIbHbIM flaHHblM. 

5.4 TecT HeHMaHa-IlHpcoHa 

npo6jieMy HaxojKfleHHH nanGojiee Moiii,Horo TecTa rHnoTesbi Hq OTHOCHTejib- 
Ho rnnoTesbi Hi mojkho ccJ^opMyjinpoBaTb KaK HaxoJKfleHHe HaHjiyHineft KpH- 
THHecKOH no/;o5jiacTH b npocTpancTBe x BOSMOJKHbix SHaneHHit Ha6jiio/];eHHH. 
Hs onpeflejieHHH (J201l202l203p cjie^yeT, hto 

/ f{x\eo)dx = a, (204) 

f f{x\9i)dx = l-f3. (205) 

ypaBHeHHH (I204J205P mo::^ho npe^cxaBHTb b bh^c 

l-f^ = E^Aj^Ae=eo)- (206) 

OTcrofla cjiejxyeT, hto 1 — /3 5y/];eT MaKCHMajibHO, ecjiH cJq co^epjKiiT 

f{x\ei) 

flOJIIO X-flaHHblX TaKHX X, HTO OTHOmeHHe MaKCHMajibHO. il03TOMy 

f{x\9o) 
HaHjiynmaH KpHTHHecKaa oGjiacTb uja coctoht h3 ToneK, y^oBjieTBopHiomHX 

HepaBencTBy 

f{x,i 



^ > c„, (207) 



f{x,9o) 
npHHeM Ca Bbi6HpaeTCH TaKHM o6pa30M, HTo6bi cooTHomeHHe (I204p bbihoji- 



Hajiocb. 
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HTaK, ecjiH BbinojiHHeTCH cooTHomeHHe (j207p . BbiGnpaeivi rnnoTesy Hi, 
B npoTHBHOM cjiyHae BbiGnpaeivi rnnoTesy Hq. 3Ta npoii;e/];ypa HseecTHa KaK 
TecT HeitMaHa-riHpcoHa. IlpH stom TecTonaH CTaTHCTHKa 3to OTHomeHHe 
4)yHKu;HH npaB/],ono/];o6HH rnnoTes Hi ii Hq. 

B cjiynae npoBepKH flfiyx cjiojkhbix rnnoTes Hq h Hi, 4)yHKii;HH pacnpe- 

flejieHHH KOTOpblX SaBHCHT COOTBeTCTBeHHO OT napaMBTpOB 6q H 9i, MOJKHO 

onpe;];ejiHTb OTHomeHHe MaKCHiviajibHoro npaBflono/i,o6HH KaK 

maxs Lix, 6q) 

L = ^" ^ ^ :!' (208) 

maxg L{x, 9i) 

H 3TO OTHomeHHe HOSBOJiHeT pasflejiHTb flfie cjioJKHbie rnnoTeabi. 

^jia cjiynaa HopMajibHoro pacnpe/iejieHHH A^(x|/i, cr^), Kor/ia rnnoTesa 
Hq onpe^ejiaeTca KaK (j, = in,, a = uq, a. rnnoTesa Hi cooTBBTCTByeT 
/J, = IJ,f, + Us, o" = (To, OTHomeHHe 4)yHKu;HH HpaBflOHOfloGnH fljia HSMepeHHO- 
ro SHaneHHH x = Xobs ecTb 

N{xobs\fJ'b + fJ's,(^o) _ -:^l(^obs-f^b-f^sf-{^obs-f^bf] 

N{Xobs\tJ'b,(^o) 
Ho/lHepKHeM, HTO B 4)H3HKe BblCOKHX 3HeprHH THHOTeSa Hi KaK HpaBHJIO 

cocTaBHaa (napaivreTp A saBHCHT ot HensBecTHbix Mace nacTHu; h napaivieT- 

pOB BSaHMOfleitCTBHii) H HaM BaJKHO HpO/l,eMOHCTpHpOBaTb Ha HepBOM 3TaHe 

HccjieflOBaHHa, hto rnnoTeaa Hi oSjia^aeT flonycTHMbiMH snaneHHaMH napa- 

MBTpOB, HpH KOTOpblX OHa He HpOTHBOpeHHT 3KCHepHMeHTajIbHbIM flaHHbIM, 

HTO, Boo5m;e roBopa, neTpHBHajibHO. 

TaK, HanpHMep, ecjiH /is < o", a Xobs = A*6 + Sctq, to ocHOBHaa rnnoTe- 
3a /is = HCKjironena na ypoBHe 5a {a = 2.9 • 10"'^), a ajibTepnaTHBHaa 
cocTaBHaa rnnoTeaa HCKjironena (hjih HMeeT corjiacne c SKcnepHMeHTOM na 
ypoBHe 4(T (a = 3.2 • 10~^)), hto TaKJKe HOSBOjiaeT ho cyTH flejia HCKjiroHHTb 
ajibTepnaTHBHyro rnnoTesy Hi. B cjiynae, Kor/],a fig < Ic, ajibTepnaTHBHaa 
THHOTesa Hi HMeeT corjiacne c SKcnepHMeHTOM na ypoBHe la (a = 0.16), 
HTO HOBBOjiaeT paccMaTpHBaTb ee KaK ajibTepnaTHBHyro aaMeny ochobhoh 

THHOTese Hq. 

5.5 BafiecoBCKHii no^KOfi^ k npoBepKe rnnoTea 

PaccMOTpHM p^jin Hanajia npoBepKy npocTOH rnnoTesbi Hq na npHMepe pac- 
Hpe;];ejieHHa IlyaccoHa P(?7.|A). 
B CHjiy 4)opMyjibi Baiteca 

P{\\nobs)=Tr{X)P{nobs\X), (209) 

75 



BepOSTHOCTb TOrO, HTO A > Afo 

P{\ >h)= P{X\nobs)dX. (210) 

ripH njiocKOM npHope vr(A) = 1 b CHjiy cooTHomeHHH (j97|98p BaiiecoBCKoe 
onpe/iejieHHe coBna/i,aeT c nacTOTHbiM onpe^ejieHneM (|87p . TaKHM oGpasoM, 
B BaftecoBCKOM noflxo^e b cjiynae HSBecTHoro npnopa '/r(A) naivi Heo6xo/];HMO 
BbiHHCjiHTb HHTerpaji (|21U|) . HyjieBaa rnnoTesa Hq (napaivieTp A b pacnpe- 
flejieHHH IlyaccoHa paBen A^) OTBepraeTCH, ecjiH P{X > Xj,) < a. Sflecb mm 
HeHBHo npe/],nojiaraeM, hto peajiHsyeTca cHTyaii;HH c Ha6jiK);],eHHeM HsGtiTKa 
co5biTHH. B oGmeM cjiynae nyjieBaa rnnoTesa Hq : A = A^ OTBepraeTca, 
ecjiH P(A > Ab) < a, jih6o P(A < A^) < a. 

HanoMHHM, HTO B 4)H3HKe BbicoKHX SHeppHH o6ii],enpHHHTO nojiaraTb a = 
2.9- 10-"^. 

B cjiynae, Korfla mm /iojijkhbi c/],ejiaTb Bbi6op ueyKflj npocTbiMH rnno- 
TeaaMH Hq h Hi, TeopeMa Bafteca npHBo/iHT k cjie/iyiomHM cJjopMyjiaM fljia 

BepOHTHOCTH: 

Tr{Hi\x) = l-Tr{Ho\x), (212) 

r/ie TTj - anpHopHMe BepoHTHOCTH ^jia rnnoTes H^, i = 1,2, P{x\Hq), P{x\Hi) 
njioTHOCTH BepoHTHOCTH co6biTHa X npH rnnoTeaax Hq h Hi cooTBeTCTBen- 

HO. 

EcjiH 7r{HQ\x) < 7t{Hi\x), to rnnoTesa Hi 6ojiee npe;];noHTHTejibHa. B 
cjiynae '7r{HQ\x) > tt(Hi\x) rnnoTeaa Hq 6ojiee npe/inoHTHTejibna. Ecjih JKe 
tt{Hq\x) = tt{Hi\x), to HeBosMOJKHo cp^ejiSiTh Bbi6op MeyKpy rnnoTesaMH Hq 

H Hi. B cjiynae ttq = tti = — oTHoineHHe 

^JHolx) ^ P{x\Hq) 

tt{Hi\x) P{x\Hi)' ^ ' 

OTHomeHHe (|213p ecTb ne hto HHoe KaK oTHomeHHe 4)yHKii,HH npaBflono/io- 
6hh. 

HacTO rnnoTesbi Hq h Hi saBHcaT ot HensBecTHbix napaMCTpoB 9 (Map- 
rHHajibHMX napaMBTpoB CHCTCMaTHKH) . B 3TOM cjiynae o6o6ii],eHHe cjjop- 
Myji (|211l212p HMeioT bh^ 



JPix\9,HQ)7Tie\HQ)7TQde 

J[P{x\9,Ho)7T{e\HQ)7rQ + P{x\9,Hi)7r{9\Hi)7Ti]de' ^ ' 



7t{Hq\x) = 

J [^{x\u,UQpi{n\UQ) 
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tt{Hi\x) = 1-tt{Ho\x). (215) 

jineHiie BepoHTHOCTeft pasHO 
Tr{Ho\x) _ JP{x\e,Ho)TT{e\Ho)7:ode 



/],jia TTo = VTi = — OTHomeHiie BepoHTHOCTeft paBHO 



7r{Hi\x) JP{x\6,Hi)TT{e\Hi)7Tide' 



(216) 



77 



6 KoM6HHHpoBaHHe pesyjibTaTOB 

B cjiynae HSMepeHHH necKOjibKHX nesaBHCHMbix BejiHHHH ctoht aaflana o 

KOM6HHHpOBaHHH 3THX BejIHHHH, TO eCTb H3BJieHeHHH flOnOJIHHTejIbHOH HH- 
4)OpMaLI,HH no CpaBHeHHK) C e/],HHHHHbIMH HSMepeHHHMH. CymeCTByeT HeCKOJIb- 

Ko cnoco6oB 3TO c/],ejiaTb. 

6.1 KoM6HHHpoBaHHe AByx HopMajifaHfaix pacnpe/],ejieHHH 

B cjiynae HSMepeHHH Pfiyx nesaBHCHMbix cjiynaftHbix BejiHHiiH Xi a X2, 
pacnpe/i,ejieHHbix no nopMajibnoMy saxony Xi ~ N{iJ,i,a) n X2 ~ N{fi2,(^) 
c oflnoii n Toii »ce flncnepcneii a n nensBecTnbiMH napaMexpaMH fii n H2 
nojiesno nepeiiTn k noBbiM Koop^nnaTaM 

Y, = ''7 + ''^^^ (217) 

V A^i + ^2 

Y2 = ~^'^' + ^'^' . (218) 

HeTpy/],no noKasaTb, hto /i,jih XI ■ X2 r^ N{iJ,i,a) ■ N{p2,o') n Yl ■ Y2 ~ 



N{J ii\ + ^2-, ^) ■ -^(0) o") cnpaBefljinBO 

N{^ll,a) ■ N{iX2,a) = Ni^/i^Tii, ^) • N{0, a). (219) 

^jiH MOflejin c ^1 = fibi+fis, fi2 = ^62 + T/Us, Tfle r, ^^i n ^^2 - sa^annbie 
BejiHHHnbi, a ^Ug nensBecTno, neo6xo/],HMO KOM6nnnpoBaTb x']^ = Xi — ^^ij 
x'2 = X2 - fih2- Tor/],a 

^/ = 4^, (220) 

yl + T^ 

n = ^4i=# (221) 

yl + T^ 



H /iJiH X; • X^ ~ iV(^i - ^61, a) ■ N{pi2 - m, ^) H >^i' • yi ~ iV(^,Vl + r2, a) • 
OTCiofla Mbi naxoflHM nan6ojiee Bepoaxnoe snanenne 

max ^ yi ^ {Xl - Mfel) + r{x2 - Hb2) ^^221 



/],HcnepcHH jiJin napaMBTpa ^s pasna ^===. Hhbimh cjiosaMH, na 67% ypoBHe 



flOCTOBepHOCTH \fis — fj,^""^] < 



3aoflHO no pacnpe/i,ejieHHK) BejiHHHHbi Y2 ~ N{0,a) mm mo^kcm npoBe- 

pHTb cnpaBe/iJiHBOCTb rnnoTesbi o tom, hto /ii = fi^i + fig n fj,2 = fJ.b2 +t^s- 

d 
SaMeTHM, HTO npHHii;Hn MaKCHiviajibHoro npaB/i,onoflo6HH — — In L = 0, 

OfJ-s 

rfle 

1 {x-M-f 

L = P{xi\iJ.bi + /Us, a) ■ P(x2|/U62 + T/is, a), P{x\fi, a) ■- 



npHBO/iHT K TOMy JKe 3HaHeHHio fig (|222p , HTO H onHcaHHaH Bbime npouidfljpa. 

6.2 HopMajifaHoe pacnpe/i,ejieHHe. 06iij,hh cjiyHaft 

PaccMOTpHM 3a/],aHy KOM5HHHpoBaHHa n nesaBHCHMbix BejiHHHH X^, k = 
1,2, ... ,n, pacnpe^ejieHHbix no nopMajibHOMy saKony X^ ~ A^(//fc, 0"^). 

^jia cjiynaa, Korfla Bce flncnepcnn paBnbi ak = cri = a, k ^ I n fj,k = 
tJ-bk + s • Cfc, r/],e fibk ~ BKjiafl cj^ona, as- CHrnaji, npn^eM X) c| = 1, neTpyflHO 

noKasaTb, hto cjiynaHHaH Bejinnnna 

N 

y\ = ^ckixk - tJ-bk) 

k=l 
pacnpeflejiena no nopMajibnoMy saKony Yi ~ N{s,a). OpToronajibHbie k 

Yi KOM6HHau;HH Y2,Y3, . . . ,Yn pacnpeflejienbi no nopMajibnoiviy saKony Yk ~ 

A^(0, a) {k = 2,3, . . . ,n) co cpe/innMn snanennaMH //^ = 0. OTCiofla mm 

MOJKeM H3Bjienb KOMGnnnpoBannyio on,enKy na napaMeTp s na ypoBne la, a 

HMenno: 

S = Sq ±(7, 

N 



So = ^Ck{xl - Hbk), 



k=l 



rp^e x^ - nsMepennbie snanenna cjiynannon Bejinnnnbi X^. 3aMeTnM, hto 
ncnojibsoBanne MeTo^a MaKcnMajibnoro npaB/i,onoflo6nH npHBOflnx k TaKOMy 
JKe pesyjibTaTy. K TaKOMy jkb peayjibxaTy npHBO^HT n BaiiecoBCKne Bbinnc- 
jiennH c ncnojibsoBanneM 4)ynKu;nn npaBflonofloGna 



1 (^fc-Mfc)^ 



n ^^e "^ 



k=i V 2vra 



H njiocKoro npnopa 7r(A) = const. 
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6.3 MeTO/i, HaHMeHfainHx KsafipaTOB 

IlpeflnojiojKHM Mbi HSMepaeM A^ HesasHCHMbix sejiHHHH Xj, pacnpe^ejieH- 
Hbix no HopMajibHOMy saKony c /iHcnepcHHMH af h cpeflHHMH Xi^av HycTb 
HMeeTca MOflejib, npe/icKaabiBaiomaH BejiHHHHbi cpeflHHX Xi^av KaK 4)yHKu;HH 
OT HeH3BecTHbix napaMBTpoB Mo^ejiH 0fc, (k = 1,2,..., I). J\jisi onpe/iejie- 
HHa cTeneHH /i,ocTOBepHocTH Hameii MOflejiH corjiacHo MeTOfly HaHMeHbuiHx 
KBa;];paTOB BBe^eM Bejinnnny 

T{9) = J2 ^^''"'°' -j'^-^^^^))" , (223) 

rfle Xj^meas-HSMepeHHbie SHaneHHa cjiynaftHbix BejiHHHH Xi. IlapaMeTpbi 9 = 
{6i, 02, ■■■Oi) onpeflejiHioTCH hcxo/];h h3 MHHiiMyivia BejiHHHHbi T{6) |lf| 

—T{d) = Q, i = l,2,...,/. (224) 

3Ta KOHCTpyKii,HH OHeHb nojiesHa npn anajinse flannbix, nocKOJibKy BejiH- 
HHHa T{9) B cjiynae coBnafleHHH Xj_a„(0'"*") c fleitcTBHTejibHbiMH cpe;i;HHMH 
Xi,meas pacnpe/];ejieHa KaK x^{T,N) c A^ CTeneHHMH CBo6o/];bi. 

HanoMHHM, HTO npH 6ojibmHX N Bejinnnna Zat = ; pacnpe- 

flejiena no HopiviajibnoMy saKony c /incnepcnen a = 1 ii nyjiesbiM cpeflHHM. 
B 6ojiee o6n;eM cjiynae b MCTOfle HanMenbuinx KBa^paTOB naivi Heo6xo- 
flHMO MHHHMHSHpoBaTb Gnjinneiinyio (JjopMy 



N 

x' = E ("^i - ^i(^))i^^^'K- - M,i9))j = (m - M{0)fC-\m - M0)). 

(225) 
3flecb TTij-pesyjibTaTbi HSMepeHHH, a Mj(0)-TeopeTHHecKHe npe/icKasaHna, 
3aBHCHUi,He OT / nensBecTnbix napaivieTpoB 6 = (9i, . . . ,9i), no KOTopbiM n 

npOHCXO^HT MHnHMH3aiI,H5I 6HJIHneHnOH (jjopMbi. 

HanpHMep, b cjiynae A'^ = 2 n HenyjieBoro Koppeji}m;HOHHoro ko34)4)h- 
u,HeHTa /O 7^ naM neoGxo^HMO MHHHMHsnpoBaTb 4)opMy 

2 / \ f ^1 P'^i'^2 \ (m- mi\ 

X = (m — mi,m — 1712) \ 2 • (22b) 

\ p(Jl(J2 0-2 / \m-m2l 



I80 
oflecb Mbi npeflnojiaraeM, hto flHcnepcHH ak ne 3aBHcaT ot HeHSsecTHbix napaMCTpoB 

9k, k = l,...,l. 
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MHHHMHSai^HH cJjOpMbI (|226P npHBOflHT K 



mi(cr| - paia2) + m2{a'l - p(7ia2) 
af - 2paia2 + cr| 






2 _ ^1^2(1 -P') f^^r,. 

"- - al-2pa,a2 + al- ^^^^^ 

6.4 MeTo;^ MaKCHMajifaHoro npaBflonofloSHa 

MeTO/i; HaHMeHbniHX KBa^paTOB ecTecTBeHHO nojiynaeTCH b MeTOfle MaKCH- 
MajiBHoro npaB;];ono;];o6HH. B cjiynae A^ nesaBHCHMbix HSMepeHHH 4)yHKii,Ha 
npaBflono/];o6Ha ecTb npoHSBe^eHHe 4)yHKLi;HH npaBflono/;o6HH 

N 

LtotiO) = n HO), L0) = Fk{xk\e). (229) 

k=l 

HapaMeTpbi 9 = {9i, . . . ,9i) onpe/];ejiHK)Tca Hcxo^a h3 ycjioBHH MaKCHMHsa- 

^HH Ltot{9), TO eCTb 

^Ltot{9)=Q, i = l,...,/. (230) 

B cjiynae HopMajibHoro pacnpeflejieHHH mbi nojiynaeM, KaK cjieflCTBHe, 
ycjioBHe MHHHMyMa 4)yHKii;HH x^ ((jjopMVJia I225|) . TaKHM o6pa30M bh/];ho, 
HTO o6o6iii,eHHeM MeTo^a HaHMeHbinnx KBa^paTOB HBjiHeTca MeTOfl MaKCH- 
MajibHoro npaB/];ono;];o5HH. 

B cjiynae HsiviepeHHH A^ neaaBHCHMbix BejiHHHH n^, pacnpe/i,ejieHHbix co- 
rjiacHO saKOHy HyaccoHa c napaMeTpaMH Xk{9), 3aBiicHin;HMH ot HensBecT- 
Hbix BejiHHHH 9 Mo^ejiH, 4)yHKii,HH npaB/];onoflo6HH 

N 

Ltot{9) = n Lk{e), Lki9) = P{nt'\\k{9)) (231) 

fc=i 

H HeH3BecTHbie napaMBTpbi 9 onpe^ejiHioTca CTaH^apTHbiM o6pa30M KaK 

MaKCHMyMbI (]3yHKIi;HH Ltot(^)- 

npe;];nojioJKHM, hto mm HMeeM rncTorpaMiviy, pasGnTyio na A^ 6hhob, 
pacnpeflejieHHe co5biTHH b KajKflOM h3 6hhob onHCbiBaeTca pacnpe^ejieHHeM 
IlyaccoHa c napaivieTpaMH Xi{9), r^e 0-napaMeTpbi TeopeTHHecKoit MO/],ejiH. 
Tor^a B MBTO/ie MaKCHMajibHoro npaBflono/i,o6HH 
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- 2lnL = -2 In (TT e-^^(^^)M^). (232) 

t\ nil 

B 3T0M cjiynae x^-45yHKi];Ha ecTb 

x' = -21ny^ = 2f:[A.(eVn. + n,Zn-!|-]. (233) 

OyHKii,Hio x^-MOJKHO npeflCTaBHTb B BHfle (b cjiynae annpoKCHMai^HH pac- 
npe^ejieHHa HyaccoHa HopMajibHbiM pacnpe/],ejieHneM) 

^2^^K^,M^_2/nL-n/n2n-^/nn,. (234) 

lb'} 

B cjiynae saMenbi rii ^ fii = fi{0) mm nojiynaeM x^-pacnpe^ejieHHe 
riapcoHa 

J\J\Si MHHHMH3aii;iIH. 

C noMombio x^-pacnpeflejieHHH mojkho KOM6HHHpoBaTb flaHHbie. Hanpii- 
Mep, nycTb y nac ecTb ^na HSMepeHHH c HeKoppejinpoBanHbiMH omnGKaMH: 
^1 lb 0"! H ^2 i o"2- Tor/],a x^-4)yHKii,HH paBHa 

X = 2 ^ 2 (236) 

d 2 
H MHHHMH3aLi,HH -r— X = /];aeT OLi;eHKy 
a/i 

Ml _|_ M2 

^=^-^- (237) 

HpH 3TOM omH6Ka paBHa 

1 d"^ , ^ 1 d'^ o 1 1 



.1 8^='"^=2V^ =^ + < P^^* 
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6.5 KoMSHHHpoBaHHe npe/],ejiOB 

KaK yjKe 6bijio OTMeneHO Bbime KOM6HHHpoBaHHe peayjibTaTOB (cKajKeM ;i,Byx 
3KcnepHMeHTOB ATLAS h CMS) /locTHraeTca c noMombio oGte^HHeHHOH 
4)yHKLi;HH npaB/i,ono/];o6Ha, KOTopaa ecTb npoiisBefleHne cJayHKi^nii npaB^o- 
noflo6HH sKcnepHMeHTOB ATLAS h CMS 

LcombiO) = LcMsiO)LATLAs{0), (239) 

rfle 9 - HeHSBecTHbie napaMeTpbi Mo^ejiH. 

Hpe/inojiojKHM b o6ohx SKcnepHMeHTax mm HCKajiH oflny h Ty JKe CHrna- 
Typy, CKajKeM, KOJinnecTBO /ihmioohob c flByMH flonojiHiiTejibHbiMH a^poH- 
HblMH CTpyHMH H C HHBapHaHTHOH MaCCOH M{jeti + jet2 + n'^ + n~) > Mq. 
HpeflnojiojKHM, hto mm snaeM 4)ohm Xb,CMS h \b,ATLAS h npeflnojioJKHM, 
HTO oJKHflaeMoe hhcjio co6mthh {Xtot b pacnpeflejieHHH HyaccoHa) 

Xtot,CMS = \,CMS + Xs^CMS, 

Xtot,ATLAS = \aTLAS + ^s^ ATLAS, 

Xs, ATLAS = kXs,CMS, 
rjie A;-H3BecTHoe hhcjio, CBiiaaHHoe c pasjiHHHHMH b flexeKTopax CMS h 
ATLAS l£|. npeflnojioJKHM mm ne sacJjHKCHpoBajiH hh oflHoro coGbiTHa, yflo- 
BjieTBopHiomero HaniHM ycjioBHSM. Tor/];a npn pasflejibHoii o6pa6oTKe co6m- 
THH Ha 95% ypoBHe flocTOBepnocTH mm hmbjih 6m 

Xs,CMS < 3.0, 

Xs,ATLAS < 3.0. 
Tor^a KaK MeTO^ npaB/];ono/],o6HH, KaK h mbtoa KOM6iiHHpoBaHHH pasjiHHHMX 
pacnpeflejieHHH HyaccoHa, hto b ^aHHOM cjiynae o^ho h to JKe, /i,aeT 

Xs,CMS + Xs^ATLAS < 3.0 
HJIH 

3.0 

Xs,cMs < y:^. 

PaccMOTpHM KOM6HHHpoBaHHe flByx pacnpe^ejieHHti LlyaccoHa P(ni, Ai) 
H P(n2,TAi), r^e r-4)HKCHpoBaHHoe hhcjio. JIorapncjaM 45yHKLi,HH npaBflono- 



In L{Xi) = niln Ai + n2/n(rAi) — Ai — rAi — /n(ni!) — Zn(n2!) (240) 

ypasHeHHa f\jiii onpe^ejieHHH MaKCHMyMa Trr—Un L) = npHBO/];HT k 

aAi 

A]^ + Ai T — Til + ^2, 



B cjiynae TOJKflecTBeHHOCTH CMS h ATLAS fleTeKTopoB mm hmbjih 6bi k — 1 h 

Ai,, CMS = A(,, ATLAS • 
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In L(Ai) - In L(Ai = A^^"^) = (ni + n2)ln ^^^^ ^ ^^ - Ai(l + r) + ni + ng. 

ni +77-2 

(241) 
OxcKifla npH 3a/i,aHHOM A mm MOJKeivi onpe^ejiHTb SHaHHMOCTb hjih p-BepoHTHOCTb. 

3aMeTHM, HTO a6cojiioTHO TaKoii JKe pesyjibTaT nojiynaeTCJi, ecjiH ynecTb, 
HTO cyMMa flByx npoLi,eccoB HyaccoHa ecTb npoLi,ecc HyaccoHa c n = ni+n-2 
H A = Ai + A2 H j^ajiee y»ce HcnojibsoBaTb mcto/], MaKCHiviajibHoro npaB/];ono- 
flo6HH fljiH pacnpe/i,ejieHHH -P(rai + n2, Ai + A2). 

B 6ojiee o6iii,eM cjiynae, Kor/],a mm hbho yHHTbiBaeM 4)OHbi h Ai = Ai^ + A 
H A2 = A2f, + tA, r/i,e Ai;,, A2b, r-cJ^HKCHpoBaHHbie BejiHHHHbi, a A-napaMexp 
(hhcjio CHrnajibHbix co6biTHH fljiH nepBoro npoi],ecca) , MeTOfl MaKCHMajibHO- 
ro npaB/],onoflo6HH h MeTO/j, o6i.eflHHeHHa flByx HyaccoHOBCKHX npoii,eccoB 

npHBO/i,HT, Boo6iLi,e roBopH, K pasHbiM pesyjibTaTaM. ^eiicTBHTejibHO b mbto- 

d 
fle MaKCHMajibHoro npaB/],ono/i,o6Ha ypaBHenne -7-rL = HMeeT pemeHHe 

oX 

ni + n2 1 A26 

^-"^" + 2(rT7)"2^V"^"^+ 

/ ni+n2 l,A2fe .^2 -^16^26 , 1 ."-lA2b , > X .„.„^ 

f 2(rT7) - 2^- - ^''^^ - -^ + YT-T^-r + "^^^^)- (''') 

Tor^a KaK npn KOM6HHHpoBaHHH flByx pacnpeflejieHHH HyaccoHa napaivieTp 
A paBeH 

A = "i+"2-Ai,-A2. ^ ^43 

1 + r 

13 -^26 X 

B cjiynae = Ai;, ^Ba noflxo/],a coBna/],aK>T. 

r 
3aMeTHM, HTO Kor/],a mm HSMepaeM n^i^g^cMS h nobs,ATLAS ^hcjio co6bi- 

THH H Haxo^HM orpaHHHeHHe CBepxy na napaMeTpbi pacnpeflejieHHii Ilyacco- 

Ha Xtot,CMS, hot,ATLAS, ^A^ \ot = Aft + As, o6o6ni,eHne BbimeHSjiojKeHHoro 

no/],xo/i,a oHeBH/i,Ho. 

6.6 BaiiecoBCKHH no/],xo/], 

^jiH A^ HesaBHCHMMX HSMepeHHH c 4)yHKLi;H5iMH pacnpeflejieHHH Fk{x\6) (JjyHK- 

N 

Li,HH npaB/],onoflo6HH L{9) = IT i<fc(xfc|^). B 3tom cjiynae corjiacHO BaftecoB- 

k=l 
CKOMy nOflXOfly KOM6HHHpOBaHHaH njIOTHOCTb BepOHTHOCTH 
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m = ^^m^. (244) 

JdeL{6)7r{e) 

OcTEHOBKa 3a MajibiM - Bbi6paTb npaBHjibHbiH npHop it{0). OopMyjia (I244p 
sa/iaeT cnoco6 KOM6HHHpoBaHHa pesyjibTaTOB b BaftecoBCKOM noflxo/ie. 

PaccMOTpHM aa^any KOM5HHHpoBaHHa Pfiyx pesyjibTaTOB, nojiyHeHHbix 
Ha ocHOBe riyaccoHOBCKOH CTaTHCTHKH. /^JiH cjiynaa Ai=A, \2 = k \, k = 
const HMeeM TO»c/];ecTBO 

P{m, X,)P{n,, X,) = (^7+"nl)!(l + fc^+"^ ^^"^ + "^' ^' + ^^^^ 
Hhmmh cjioBaMH, npoHSBe^eHHe ^Byx pacnpe^ejieHHti HyaccoHa c tohho- 
CTbio flo HHCJieHHoro MHOJKHTejiH coBHaflaeT c pacnpeflejieHHeM IlyaccoHa c 
HHCJIOM Co6bITHH ni + 77-2 H napaMBTpoM A = Al + A2- 

ripH BbiSope njiocKoro npnopa vr(A) = const sa^ana KOMGnHHpoBaHHH 
CBejiacb K aa^ane HSBjieneHHa napaMexpoB h3 pacnpeflejieHHH P(ni+n2, Ai + 
A2)- A-'i^ MO/iejiH, onHCbiBaiomeH KaK BKjia/i; 4)OHa, TaK h BKjiafl CHrnajia c 

Al = Afei + Asi, 

A2 = A62 + feA^i 
B cjiynae, Kor^a Af,2 = ^A^i, npoH3Be/;eHHe pacnpe^ejieHHii HyaccoHa TaK 
JKe CBOflHTca c TOHHOCTbRD jif) HHCjieHHoro MHOJKHTejiH K pacnpeflejieHHK) 
IlyaccoHa c n = ni + n2 h A = Ai + A2- B cjiynae, Kor/ia Ab2 7^ k \i Banana 
He CBOflHTCH K pacnpeflejieHHK) eflHHHHHoro HyaccoHa. B jik)6om cjiynae, 
fljia HSBjieneHHa HHcJiopMai^HH hs jxeyyi HSMepeHHft naM neoGxoflHMo snaTb 
4)yHKu;Hio npHopa '7r(A). 

ripH KOM6HHHpoBaHHH flByx npoi^eccoB HyaccoHa mm MOJKeM HSBjienb 
HH4)opMaii,Hio, paccMOTpeB cjiynaHHyio BejiHHHHy paBHyro cyMivie cjiyHattHbix 
BejiHHHH, onHCbiBaromHXCH pacnpe/;ejieHHHMH IlyaccoHa P{ni, Xi),i = 1,2, 
H onHCbiBaion;yK)CH npou,eccoM HyaccoHa c napaMCTpaMH n = ni + 722, 

A = Al + A2- ripH 3TOM HSBJICKaTb OrpaHHHCHHH Ha napaMCTp Xs MOJKHO 

H3 pacHpeflejicHHa HyaccoHa P(ni + 77,2, A{,i + A52 + (1 + k)Xsi)- 

SaMCTHM HpH 3TOM, HTO yHCT CHCTCMaTHHeCKHX ScJxJ^CKTOB, CBHSaHHblX 
C HeTOHHbIM SHaHHeM Abl, Afc2, Xsl, Xs2 npHHU,HnHajIbHO HHHeM He OTJIHHa- 

CTca OT cooTBeTCTByiom;ero paccMOTpeHHH j^jin eflHHHHHoro pacnpeflejieHHa 
IlyaccoHa. 

HHTepecHO OTMeTHTb, HTO jiJin pacnpeflejieHHa HyaccoHa P(nfc, Afc), r/];e 
Afc = CkT H Cfc-4)HKCHpoBaHHbie HHCJia, a T-HeH3BecTHbiH napaMeTp, cnpa- 
Bej^jinBO paBencTBO 
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N 

n^(nfc,Afc) = cP(^nfc,^Afc), (245) 

fc=i 

rfle KoscJjcJjHi^HeHT nponopii;HOHajibHOCTii c sasHCHT ot BejiHHHH Uk n Ck- 

PaBeHCTBO (|245p HBjiHeTCH OTpajKBHiieM Toro 4)aKTa, hto cyMMa npoii,ec- 
COB IlyaccoHa HBjiHeTca npoii,eccoM IlyaccoHa c Ha6jiio/];aeMbiM hhcjiom co6bi- 
THH paBHbiM cyMMe Ha6jiK);i,aeMbix Uobs = X) ^i ^ napaMBTpoM pacnpe/iejie- 
HHH A paBHbiM cyMMe napaMeTpoB pacnpeflejieHHH X = J2 ^i- Ha ocHOBaHHH 
3T0H 4)opMyjibi aa^ana KOM6HHHpoBaHHH cbo/ihtch k saflane onpeflejieHHH 
napaMBTpa A ( napaivreTpa r) flJiH eflHHHHHoro npoii,ecca HyaccoHa. 

6.7 KOMSHHHpOBaHHe ypOBHeii SHanHMOCTH (KOMSHHHpOBa- 

HHe SHaneHHii BepoaTHOCTH) 

npe;],nojio>KHM, HTO Mbi xoTHM npoBepHTb ocHOBHyio THnoTesy Hq nyTeM 
HSMepeHHa A^ nesaBHCHMbix BejiHHHH. Hpe/inojiojKHM TaKJKe, hto y Hac b 
peayjiBTaTe HSMepeHHH N nesaBHCHMbix BejiHHHH HSBecTHbi BepoHTHOCTH P^ 
Hx peajiH3aii,HH hjih, hto to »ce caMoe b cnjiy cJ^opMyjibi 

1 rca 2 

' e-"^ = PiS), (246) 



/27rJs 

HX SHaHHMOCTeit Sk- 

BcTaeT Bonpoc: KaK onpe^ejiHTb KOM6HHHpoBaHHyio snanHMOCTb hjih 
KOM6HHHpoBaHHyio BeposTHOCTb. Cyn;ecTByeT necKOJibKO cnoco6oB peme- 

HHH 3TOH npo6jieMbi. B MeTOfle Onmepa HcnojibsyeTCH nepeivieHHaii a' = 

N 

— 2 lnY\ Pi. ^ajiee npeflnojiaraeTCH, hto a' pacnpe/;ejieHa KaK x^{2N). Kax 

cjie^cTBHe HOjiynaeM c|)opMyjiy KOM6HHHpoBaHHH. ^jih KOM6HHHpoBaHHa /iByx 
BepoHTHOCTett MeTO/i; Onmepa npHBOflHT k npasHjiy KOM6HHHpoBaHHa 

P(Pi,P2) = PiP2[l - HP1P2)]. (247) 

B MeTOfle CToycjaepa |31| 6biji npeflJioJKen flpyroft cnoco6 KOM6HHHpoBa- 
HHa SHaHHMOCTett. IIoacHHM 3TOT MeTOfl Ha HpHMepe pacHpeflejieHHH Hyac- 
coHa. HycTb Mbi HSMepacM A^ nesaBHCHMbix BejiHHHH, pacnpe^ejienHbix ho 
saKOHy IlyaccoHa P(nfc|Afc) o h nycTb mm Ha6jiKiflaeM HsGbiTOK co6biTHH b 
KajKflOH H3 A'^ nesaBHCHMbix BejiHHHH. Tor/],a mm MOJKeM oHpe/i,ejiHTb Bepo- 

HTHOCTH 



ITpeflnojiaraeTca, hto napaMexpBi A^ tohho HSsecTHbi b paMKax ochobhoh rHnoTesBi. 
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Pk{n>nk,obs\\k)= J2 Pin\Xk), (248) 

TEK HasbiBaeMbie "p-value". 

B MeTO/ie CToyc|)epa HcnojibsyeTca tot 4)aKT, hto cyMMa npoii;eccoB 
IlyaccoHa HBjiaeTca npoii,eccoM HyaccoHa h, KaK cjie/i,CTBHe, (JjopMyjia kom- 

6HHHpOBaHHH BepOHTHOCXeH HMeex BH/; 

oo 

P(Pi,...,P„)= Y. P{n\Y.^k). (249) 

B cjiynae Xk <C n-k^obs cyMMa (|249p onpe/i,ejiHeTCH b ochobhom nepBbiM 
HjieHOM B cyMMe 

^fc(n > nk,obs\Xk) ~ ^-^A^'='°'''e-^'= (250) 

H, cjieflOBaxejibHo, 



P(Pi,...,P„) = — ^^i ^(f^A,)i:"^i"'=--e-Sr^i^'=. (251) 

[i^k=ink,obsy- k=i 

JXna n = 2 cpaBHeHHe npaBHji KOM6HHHpoBaHiia (|247p ii (|25ip noKasbiBaeT, 
HTO HHCJieHHbie pesyjibxaTbi MoryT chjibho pasjinnaTbCH. 

B KanecxBe npHMepa paccMoxpHM KoiviGHHHpoBaHHe flByx pacnpeflejieHHH 
HyaccoHa c ni^obs = T^2,obs = 1 h Ai, A2 ^ 1. B sxom cjiynae (Jjopiviyjibi (|250p 
H (|25ip npHMyx bh/i; Pi ~ Ai, P2 ~ A2, 

P(Pi,P2) = ^^^^ = i^L + ^. (252) 

KaK bh;];hm, pasjiHHHe MejK^y cJ^opMyjioii (j252p h cJ^opMyjioft (I>Hmepa (|247p 
BecbMa cymecxBeHHO. 

6.8 "Look elsewhere" scJjcJjeKT 

npe;],nojio>KHM, hxo mm Hii;eM 6030H Xnrrca nocpe/],CTBOM peaKi^HH pp — )• 
// — )• 77 + . . . , TO ecTb Mbi HmeM ysKHH nHK B pacnpe/i;ejieHHH /ihcJjoxohhmx 
co5bixHH no HHBapHaHXHOH Macce 771(77). npe^nojioJKHM, hxo mm nmeM acj)- 
4)eKT B HHxepBajie Mace m_ < 771(77) — "^+- CxaH/;apxHbiH nyxb - pa36H- 

BaeM HHxepBaji 77T,_,7n+ na k ohhob, KajKflbm c niHpHHOH A = ; 

k 
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H Hiii;eM ycHjieHHe CHrnajia b o/ihom h3 k 6hhob. IIpeflnojioJKHM ^jih npocTO- 
Tbi, HTO pacnpe/iejieHHe cj^ona njiocKoe, to ecTb 4)oh He saBHCiiT ot m npn 
m_ < m < m+. 

Oii,eHKa 4)OHa b KajK/ioM h3 6hhob b CHJiy HesaBHCHMOCTH pacnpeflejie- 

HHH OT m nojiynaeTCH paBHoii A = — 7 A'^; h j^jir 6ojibmoro KOjinnecTBa k h 

k ^-^ 
N napaMBTp (Jjona A onpe/],ejiaeTCH c xopomeii tohhoctbio h3 SKcnepHMen- 

TajIBHblX /laHHblX. 

Mbi Hn],eM npeBbimeHHe CHrnajia na^i; cjjohom b KajK^OM Gnne. BepoiiT- 
HOCTb fleTeKTHpoBaHHH Nk co6biTHH B 6HHe onpe/iejiHeTca 4)opMyjioH Hyac- 
coHa (|43p H HBjiHeTCH 4)yHKii,HeH oT Ha6jiK)flaeMoro HHCJia nacTHii, b Snue h 
cpeflHero Acj. 

"Look elsewhere" 3c|)4)eKT coctoht b tom, hto, nocKOJibKy mh ne snaeM 
TOHHoe pacnojioJKeHHe CHrnajia, BepoHTHOCTb peajiHsai^HH coGbithh Bcjie^- 
CTBHe 4)jiyKTyaii,HH 4)OHa yBejiHHHBaeTCH na (JjaKTop k no cpaBHeHHio c nan- 

Menee BepoHTHbiM SHaneHHeM Pmin = fninkP{Nk^obs\^)) r/],e 

00 

P{.Nk,obs\\) = E ^(^1^)- 
n=Nk^obs 
HnbiMH cjiOBaMH "look elsewhere" scJjcJjeKT npHBo;];HT k HSMeneHnK) BepoHT- 

HOCTH irnin ^ "■ Pmin- 

6.9 TecT KojiMoropoBa-CMHpHOBa 

npe;];nojiojKHM mm HMeeM Ha6op HSMepenHft xi, a;2, . . . , x„ h mm xothm npo- 
BepHTb HacKOjibKO coBMecTHM 3TOT HaSop c (J^yHKi^Heft pacnpeflejieHHH /(x). 
B MeTOfle KojiMoropoBa-CMHpHOBa 3to flocTHraeTca nyTeM cpaBHeHHa 
TeopeTHHecKott KyMyjiHTHBHoft 4)yHKLi;HH pacnpeflejieHHH 

F{x) = r f{x')dx' (253) 

J —00 

H "sKcnepHMeHTajibHoii" KyMyjiaTHBHoii 4)yHKii,HH pacnpeflejieHHa 



1 " 
Fn{x) = -J2e{x-Xi), (254) 

" i=i 

1, X > 0, 
0, x<0. 

PaccTOHHHe MejKfly TeopeTHHecKoit KyMyjiaTHBHOii 4)yHKii;HeH pacnpe/i,e- 
jieHHH H SKcnepHMeHTajibHoit onpe^ejiHeTCH KaK 



rfle 6{x) 



Mbi 3flecB paccMaTpHBaeM cjryHaii, Korfla 4>oh hjiockhh h napaivieTp A, onHCbiBaK)in,HH 
4)OH B pacnpeflejieHHH IlyaccoHa, HSBecTeH. 



Dr, = sup,\F^{x)-F{x)\. (255) 

^jia 6ojibmHX n 4)yHKii;HH D„ — t- 0. HapaMeTp k = y/nDn HivieeT pac- 

oo 

npe^ejieHHe P{k < x) = 1 - 2^ (-l)'-^e"^''''. 

1=1 
noflpo6Hoe paccMOTpeHHe h flOKasaTejibCTsa mojkho naftTH b MOHorpa4)HH [61 ■ 

C noMombK) TecTa KojiMoropoBa-CMnpnoBa mojkho peniHTb Bonpoc cjie- 
flyioT jiH BbiGopKH xi, . . . ,Xn H yi, . . . , y^ oflHOMy H TOMy JKe pacnpe/iejie- 
HHRD. ^JiH 3Toro paccTOHHHe MejKfly /iByMH Bbi6opKaMH onpe/i;ejiHeTCH Kax 

Dn,ni = sup^ I F„ (x) - Fm (x) I . (256) 



/ nrre 

Mojkho noKasaTb, hto nepeMennaa W Dnm acHMHTOTHHecKH y^oBjie- 

\j n + m 
TBopaeT pacnpe/iejieHHio KojiMoropoBa. 
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7 CTaTHCTHHecKoe nporpaMMHoe oGecneneHHe b sa- 
^anax (Jjhshkh bbicokhx sueprmm 

7.1 OSsop ocHOBHfaix naKeTOB 

BasoBbiM HHCTpyMeHTapneM /i,jih pemeHHa 3a/];aH cJjhshkh bbicokhx 3Hep- 
THH sBjiHeTCH cHCTeMa nporpaMM ROOT |5j. ROOT - naxeT o6i.eKTHo- 
opHeHTHpoBaHHbix nporpaMM h 6H6jiHOTeK, paapaGoTaHHtift b LI,EPH. Hpo- 
eKT 6a3HpyeTCH na CBo6oflHOM nporpaMMHOM o6ecneHeHHH. Hapafly co cne- 
ii,HajibHbiMH cpe/],CTBaMH nporpaMMHpoBaHHH H CTaH/i,apTHbix MaTeMaTHHe- 
CKHX BbiHHCjieHHtt, ROOT o6ecneHHBaeT nojibsoBaTejia cpeflCTBaMH fljia no- 
CTpoeHHa H anajiHsa rncTorpaMM h rpacJ^HKOB 4)yHKii,HH, cpe/];cTBaMH 4)hth- 
poBaHHH H nofl6opa TeopeTHHecKHX h SKcnepHMeHTajibHbix saBMCHMOCTeii, 
HHCTpyMeHTapneM ^jih npoBe/ieniiH CTaTHCTHHecKoro (b tom HHCjie MHoro- 
4)aKTopHoro) anajiHsa /laHHbix [32j. 

BojibniHHCTBO nporpaMMHbix Hapa6oTOK, no bosmojkhocth, jih6o BCTpan- 
BaioTCH B ROOT, jih6o hbjihiotch HaflCTpoHKoii Ha/i, ROOT, to ecTb Gaanpy- 
lOTCH Ha ROOToBCKHX 6H6jiHOTeKax. ripoBOflHTCH pa6oTbi no coBMeni;enHio 
h/hjih no cosflannio HHTepcJjenca MejK^y naKeTOM ROOT n acTpocJjHsnne- 
CKHM asbiKOM H o6ojionKOH fljia CTaTHCTHnecKHX pacHBTOB H nocTpoenna 
rpacJjHKOB R [33] . 

Ha^cTpoHKOH nafl ROOT HBjiaeTca naxeT nporpaMM RooFit [34J. RooFit 
3TO nncTpyMeHTapnii j^jisi MOflejinpoBanHH oJKHflaeMbix pacnpeflejiennH co- 
6biTHH B 4)H3HHecKOM aHajiHse. HaKeT 6biji nsnaHajibno opnenTHpoBan na 
3KcnepHMenT BaBar. HaKeT y/];o6eH fljiH 6bicTporo MonTe Kapjio posbirpbi- 
nia co6biTHH n CTaTHCTHnecKoii o6pa6oTKH nojiynenbix pacnpeflejiennii. Co 
BpeMeneM oh CTaji ynnBepcajibHbiM n SasoBbiM ^jih naKeTOB, pacmHp}noni,HX 
ero BOSMOJKHOCTH, nanpHMep, RooStats [4J. 

BaftecoBCKaH napa/inrMa peajinsoBana b naxeTe nporpaMM BAT - The 
Bayesian Analysis Toolkit |35| . Anajins GasnpyeTCH na TeopeMe Baiieca n 
HcnojibsyeT MoHTe Kapjio MO/iejinpoBanne MapKOBCKHX u;eneH. 3to nosBO- 
jiaeT CTpoHTb anocTepnopnoe pacnpe/iejienne BepoaTHOCTeii, nponsBOflHTb 
on;enHBanHe napaMeTpoB, CTpoHTb ^OBepnTejibnbie HHTepBajibi, ocyn],ecTB- 
jiHTb nepenoc neonpeflejiennocTeii. 

Mnoro BHHMannH CTaTHCTHHecKne rpynnbi SKcnepnMenTOB yflejisnoT CTa- 
THCTHHecKHM naKeTaM MnoroMepnoro anajinsa. Bbijio npoBefleno necKOjibKO 
MHHH-coBem;aHHH no flannoii TeMaTHKe, nanpnMep, Miniworkshop on Statistical 
Tools (2008) DESY [S^, CMS tutorials on Multivariate Analysis Methods 
(2007) CERN [37J. S^ecb mojkho Bbi^ejiHTb naxeT TMVA - Toolkit for 
Multivariate Data Analysis [38j . ^annbin HHCTpyMenTapnii TaKJKe BCTpoen 
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B cpe/],y ROOT h opneHTHpoBaH na HcnojibsoBaHne MHoroMepHbix KjiaccH- 
c|)HKaLi,HOHHbix ajiropHTMOB fljiH peuieHHH niHpoKoro cneKTpa saflan. ^jih 
peraeHHH 3a/i,aH cJ^hshkh bbicokhx sneprHH h acTpocJiHSHKH TaKJKe paapa- 
GaTbiBaeTca naKex StatPatternRecognition (SPR) |39j. 06a naKexa hmciot 
KaK nepeKpbiBaioiii,HecH, TaK h /lonojiHHiomHe flpyr /ipyra bosmojkhocth. Hh- 
TepecHOH HOBott pa3pa6oTKOH HBjiaeTCH CHCTeivia no/i^epjKKii npHHHTHH pe- 
meHHH npH Bbi6ope nepeMennbix b MHoroMepnoM anajiHse h yMeHbuieHHH 
pasMepHocTH sa/iaHH PARADIGM [30]. 

7.2 IIpoeKT RooStats 

J^jisi anajiHsa sKcnepHMeHTajibHbix /laHHbix KOJiJia6opaii;HH CMS h ATLAS 
pa3pa6aTbiBaeTCH npoeKT RooStats [^ , ocHOBaHHbiii na KOMnjieKce nporpaMM 
ROOT [5]. FjiaBHbie u;ejiH npoexTa 

• npe;],ocTaBHTb nojibsoBaTejiio KOMnbroTepHbie nporpaMMbi c HaH6ojiee 

pacnpOCTpaHeHHblMH CTaTHCTHHeCKHMH MeTOflaMII, KOTOpbie npHMeHH- 

RDTCH npii anajiHse flaHHbix b cJ^HSHKe bbicokhx SHeprnft, 

• CTaH/];apTH30BaTb HcnojibsyeMbie ueTOfl^bi fljia jierKoro cpasHeHHa pe- 
syjibTaTOB nojiynenHbix pasHbiMH rpynnaMH h pasHbiMH SKcnepiiMen- 

TaMH. 

RooStats HcnojibsyeT Tpn nanGojiee pacnpocTpaHeHHbix noflxo/];a b CTa- 

THCTHKe: 

1. HaCTOTHblH nOflXOfl, 

2. MeTOfl MaKCHMajibHoro npaB/],ono/];o6HH, 

3. BaiiecoBCKHH no^xo^. 

SaMeTHM, HTO nporpaMMa RooStats nocTOHHHO pasBHBaeTca, coBepmen- 
CTByeTca h, na ceroflHHniHHH j^eab, ona co/i,ep»CHT nporpaMMbi, noaBOJiaro- 
iii;ne peinaTb cjie/iyiomHe sa/^ann: 

1. ToHeHHaa oii,eHKa /],jih onpe^ejieHHa HaHjiynmero b neKOTopoM CMbicjie 
(nanpHMep oii;eHKH c MHHHMajibHoii /iHcnepcHeit hjih nanGojiee Bepo- 
iiTHbie SHaneHHii) SHaneHHa napaMeTpa. 

2. Onpe^ejieHHe flOBepHTejibHoro HHTepBajia: oGjiacTeft napaMexpoB 4)yHK- 
Li,HH pacnpe/iejieHHH, ne npoTHBopenamnx Ha6jiK)flaeMbiM flannbiM. 
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3. IIpoBepKa rnnoTes: OLi,eHKa SHaneHHa eepoHTHOCTH p fljiH o/i,hoh hjih 
HecKOjibKHX rnnoTes (sHaHHMOCTb) . 

4. Oii,eHKa KanecTBa 4)HTa - KOjinnecTBeHHoe onpeflejienne nacKOJibKO xo- 
pomo MOflejib onncbiBaeT j^auubie. 

IIporpaMMa RooStats nanHcana na HSbiKe C + + a co^epjKHT cjie/],yioiii,He 
Kjiaccbi, no3BOjiHK>mHe pemaTb 3th sa^aHH. 

- ProfileLikelihoodCalculator BbiHHCjiaeT snaHHMOCTb cnrnajia h onpe- 
flejiHeT HaHjiynmee SHaneHHe CHrnajia na ochobb MeTOfla MaKCHMajib- 
Horo npaB/],onoflo6HH. Bosmojkhoctb ynexa CHCTeMaTHHecKHX scJ^cjjeK- 

TOB TaKJKe BKJIIOHeHa B KajIbKyjIHTOp. 

• ProfileLikelihood bosmojkho HcnojibsoBaTb fljiH oii,eHKH HHTepBajioB flo- 
Bepna. Bosmojkho BbiHHCjieHHe Bepxnero h HHJKHero npeflejioB, a TaK- 
jKe ii;eHTpajibHoro /],OBepHTejibHoro HHTepBajia. 

• BayesianCalculator nosBOjiaeT pemaTb sap^aHU na ocHOBe MeTO/];a Baii- 
eca. HpHHeM BaiiecoBCKoe HHTerpHpoBaHHe MOJKeT npoiisBOflHTbCH hhc- 
jieHHO, anajiHTHHecKH h MeTO^OM MoHTe Kapjio c noMombro MapKOB- 
CKHX Li,eneH (MCMCCalculator - Monte Carlo Markov Chain Calculator). 
Sflecb, KOHeHHO, onenb BajKHO - Bbi6op 4)yHKi;iiii npnopa 7r(A), a TaKJKe 
Bbi6op HHTepBajia - u,eHTpajibHoro HHTepBajia, iiHTepBajia MHHHMajib- 
HOii flJIHHbl HJIH o/],HOCTopoHHero HHTepBajia. 

• HyhridCalculator BbiHHCjiHeT nacTOTHyio BepoHTHOCTb co5biTHH. Yhbt 

CHCTeMaTHKH npOBO/I,HTCH C HOMOIII,bIO MBTOfla Ky3HHCa-XaHJ[3H/],a. B 

HacTHOCTH BbiHHCjiHeT "n"-3HaHeHHa (p- value). BbiHHCjieHHa npoHSBO- 
flHTCH c HOMOHi,bio MoHTe Kapjio posbirpbima HceB/i,09KcnepHMeHT0B. 
TaKJKe B03MOJKHO ocymecTBHTb HOCTpoeHHe HeHMana (NeymanConstruction) 
fljiii OHpe^ejieHHii HHTepBajioB flOBepna nacTOTHbiM cnoco6oM. Hpeflo- 

CTaBJIHeTCH BOSMOJKHOCTb HCHOJIbSOBaTb HeCKOJIbKO HpaBHJI KOHCTpyH- 
pOBaHHH HHTepBajIOB (HHTepBajI MHHHMajIbHOH flJIHHbl, H,eHTpajIbHbIH 

HHTepBaji, MeTO/i, Oejib^Mana-KysHHca) . TaKJKe npn onpeflejieHHH sna- 
HeHHH BepxHHX Hpe/i,ej[OB Ha CHrnaji mojkho HcnojibsoBaTb hhcto Pgi 

HaCTOTHblii HO/],XO/I, H CLs = MOflH4)HI];HpOBaHHbIH HaCTOT- 

1 -PB 
Hbiii HOflxo/;. 

• HypoTestlnverter npeoGpasyeT pesyjibTaT no npoBepKe rnnoTea (HyhridCalculator) 
B flOBepHTejibHbiH HHTepBaji (hjih b npefleji flOBepna) fljia napaivicTpa. 
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• HistFactory o6ecneHHBaeT HcnojibsoBaHHe CTaTHCTHHecKoro HHCTpy- 
MeHTapna naxeTa nporpaiviM RooStats 6e3 Heo6xo^HMOCTH Hcnojibso- 
BaTb H3biK MOflejiHpoBaHHH flaHHbix /i,jiH naKBTa RooFit. 

• BAT Calculator. CaM naxeT BaftecoBCKHX BbiHHCjieHHH c noMombro Moh- 
Te Kapjio Li,eneH MapKOBa (BAT) HBjiaeTCH BHeniHHM k RooStats, ho 
KaK Kjiacc B naKexe nporpaMM RooStats nojiesen. 

7.3 npoeKT BAT 

BAT (the Bayesian Analysis Toolkit) |41| - HHCTpyMeHTapHii fljiH CTaTHCTH- 
HecKoro anajiHsa TaKJKe KaK h RooStats boshhk He/;aBHO. CTaTHCTHHecKHii 
anajiHS /];aHHbix b naKeTe nporpaMM BAT ocnoBbiBaeTca na TeopeMe Baii- 
eca H peajiHsyeTca c noMombio MeTO/];a MoHTe Kapjio c ncnojibaoBanneM 
u,eneH MapxoBa |42| . 3to nosBOJiaeT CTpoHTb anocTepnopnbie pacnpe/iejie- 
HHH napaMBTpoB H, cooTBeTCTBenno, npoBOflHTb oi^enKy napaMeTpoB, ycTa- 
naBjiHBaTb flOBepHTejibHbie npeflejibi n nnTepBajibi, a TaKJKe ocymecTBjiHTb 
Henocpe/];cTBenno nepenoc neonpe/^ejieHHOCTen na ypoBne anocTepnopnbix 
pacnpe/i,ejienHH . 

Oflna H3 rjiabnbix n;ejieH anajinaa flannbix - cpabnnTb MOflejibHbie npefl- 
CKasanna c SKcnepnMenTajibnbiMH flannbiMH h jih6o c^ejiaTb saKjiroHenne o 
KoppeKTnocTH Mo^ejiH no OTHomennK) k ^annbiM, jih6o nocTpoHTb o6jiacTH 
flOBepna c toh hjih hhoh TonnocTbro j\jiii napaMeTpoB aaflannoft MOflejin. 
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SaKJironeHHe 

OcHOBHOH saflaneii Bojibinoro a^poHHoro Kojijiaft/^epa asjiaeTCH noncK 
6o30Ha Xnrrca - nocjie/],HeH HeoTKpbiTofi HacTHn,t,i, npeflCKaatiBaeMOH CTan- 
flapTHOH Mo^ejibK). Tax JKe secbMa BajKen noHCK npoHBjieHHH hoboh cJ^hshkh 
BHe paMOK CTaH/],apTHoii MopfiJin, BKjiioHaH b nepByio onepeflB cynepcHM- 
MeTpHK). ripH o6pa6oTKe SKcnepHMeHTajibHbix j\&HHbix h nojiyneHHii orpa- 
HHHeHHH Ha HOBbie HacTHii,bi H BsaHMOfleftcTBHa HcnojibsyroTca nacTOTHbiii 
no/],xofl, MeTO/], MaKCHMajibHoro npaBflonofloGna a BaftecoBCKHii noflxo^. KaK 
npaBHjio 3TH no/],xoflbi npHBO/iaT k HHCjieHHO 6jih3khm pesyjibTaTaM. IIpH h3- 
BjieneHMH orpaHHHeHHii na HOByro 4)H3HKy h3 flaHHbix BAKa onenb Ba>KHO 

npaBHJIbHO OII,eHHBaTb BJIHHHHe CHCTeMaTHHeCKHX SCJSCJseKTOB, HTO BO MHOrHX 

cjiynaax BecbMa ii BecbMa HeTpHBHajibHO. 

AbTopbi 6jiaro/],apHbi aKa^eMMKy B.A. MaTBeeBy no HHHii,HaTHBe koto- 
poro 5biji HanncaH stot o63op. Pa6oTa no/^n;ep>KaHa rpaHTOM PtPOH 10-02- 
00468-a. 
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